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Pesticide and fertilizer usage throughout the United States is coming under increased scrutiny 
from both the public and scientific communities due to potential negative environmental impacts 
and perceived health concerns.  The three studies presented here focus on evaluating different 
management plans for home lawns and athletic fields, while also providing improved 
dissemination of information to athletic field managers.  Results of the athletic field and home 
lawn management plan study indicate that pesticide treatments outperformed non-pesticide 
treatments across most measures.  However, if a non-pesticide plan is desired then the high input 
organic or high input pesticide-free plan would be preferred over the low input organic or low 
input pesticide-free plan.  Results for the fertility study indicate that a fertilization rate of as low 
as 5 g N m-2 provided statistically equivalent results across some color/quality measures, though 
exact rate would be highly dependent on the turfgrass manager’s goal and what time of year a 
high quality, dark green turfgrass was desired.  Finally, the information dissemination study 
indicated that the large group setting performed better than the small group setting, most likely 
due to the structure of the small group meeting. Small group attendees had more flexibility to 
discuss issues that affected them directly.  There was less flexibility for large group attendees to 
deviate outside the main subject matter being presented.  However, the value of the small group 
meeting should not be discounted when specific information is needed. Large group meeting 
would be preferred when more general information is need by managers.    
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Chapter 1: Evaluating Pesticide-Free and Conventional Management Strategies for 
Lawns and Athletic Fields in Southern New England 
Turfgrass, (e.g., home lawns, commercial lawns, parks, golf courses, athletic fields) 
covered approximately 163,812 square kilometers or 1.9% of continental U.S. land area in 2005 
(Milesi et al., 2005).  With such a large area planted to turfgrass, the potential for providing 
positive health benefits and negative environmental effects is considerable.  Turfgrass has been 
shown to sequester carbon (Bandaranayake et al., 2003; Qian and Follett, 2002; Milesi et al., 
2005), a process that has potential to slow climate change (Lal 2004).  Turfgrass has also been 
shown to reduce surface and ambient air temperatures (Kjelgren and Montague, 1998; Beard, 
1999, Bowler et al., 2010), enhance the capture of water runoff (Beard, 1999), and improve the 
health of humans (Laurent et al., 2013; World Health Organization, 2016).  Green spaces (of 
which turfgrasses are a part) can decrease stress (Ulrich et al., 1991), reduce exposure to air 
pollution (Bowler et al., 2010), foster social interactions (Kim and Kaplan, 2004), and lower 
aggression and mental fatigue (Kuo and Sullivan, 2001).  Furthermore, green spaces are 
associated with higher birth weights and lower prematurity risks (Laurent et al., 2013).    
However, there has been increased scrutiny of turfgrass management due to incorrect or 
misunderstood maintenance practices and their potential negative effects on the environment and 
human health.  Many home lawns and athletic fields are managed utilizing inputs such as 
fertilizers, pesticides and irrigation to optimize growth and control potentially devastating pests 
(King et al., 2007). Routine use of these inputs has led to the perception that turfgrass is a major 
nonpoint source water pollution contributor (Beverly et al., 1997).  Additionally, concerns 
regarding the effects of pesticide exposure on human health (Bradman and Whyatt, 2005; Sutton 
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et al., 2011) have led to pesticide bans for lawns and/or athletic fields in parts of the United 
States, Canada, and the European Union.    
These bans are in large part due to the potential for increased cancer risks associated with 
exposure to pesticides commonly used on home lawns, school grounds and athletic fields 
(McDuffie et al., 2001; Alarcon et al., 2005; Gilden et al., 2012).  Though no link between 
childhood cancer and pesticide exposure has been established in children, such as via school 
grounds/athletic fields (Morgan et al., 2005; Niehoff et al., 2016; Gilden et al., 2016), many 
regulatory bodies are taking steps to limit or ban pesticides on school grounds (Owens, 2009) 
and on home lawns (Hall, 2015; Government of Ontario, 2016).   Connecticut and New York 
have banned pesticide use on school grounds, and there are 38 additional states having some 
form of ban or limitation on school ground pesticide use (Hurley et al., 2014).  Effective July 1, 
2010 pesticide use on CT school grounds, including athletic fields (daycare through eighth 
grade) were eliminated, except for the use of minimum risk pesticides (as defined under the 1996 
Federal Insecticide, Fungicide, and Rodenticide Act) (State of Connecticut, 2005).   Home lawn 
bans are also moving forward in other areas of the U.S.  In 2015 Montgomery County, Maryland 
became the first locality to ban pesticide use on home lawns for cosmetic reasons (Hall, 2015).  
The Maryland bill does allow organically based and minimal risk pesticides (as defined under the 
1996 Federal Insecticide, Fungicide, and Rodenticide Act) to be used (Turque, 2017).  Even 
though the Maryland ban was overturned (July 2017) in court, there is precedence in Ontario, 
Canada and the European Union where pesticides commonly used in home lawns are banned for 
cosmetic use (Peachey, 2003; Government of Ontario, 2016).   
As these regulations take effect, turfgrass managers/professionals and homeowners need 
to implement new management methods to maintain turfgrass quality if they want to continue to 
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obtain the benefits of a well-maintained lawn and athletic field.  The lack of widespread adoption 
of proper, alternative pesticide-free management methods has contributed to playing surface 
safety concerns on many athletic fields across Connecticut, based on reports from field managers 
who have noted decreased quality since the Connecticut pesticide ban was enacted 
(Bartholomew et al., 2015).  The inability to control weeds and insects on athletic fields can 
drastically decrease playing surface safety.  Weeds do not have the same traffic tolerance as 
many turfgrasses; therefore when trafficked retain less green cover resulting in decreased traction 
and increased surface hardness of the field.  Changes in both surface hardness and rotational 
resistance have been correlated to changes in green cover (Brosnan et al., 2014). Reduced 
playing surface quality can potentially increase the probability of an injury (Griffin et al., 2006; 
Brosnan et al., 2014) as both increased foot traffic (Carrow and Petrovic, 1992) and increased 
weeds (Brosnan et al., 2014) can result in increased surface hardness.  Ten to twenty percent of 
concussions in high school and college sports can be attributable to head-to-surface contact 
(Gessel et al. 2007, Meehan et al. 2010).   
Homeowners are more likely to be focused on aesthetics, water usage, and cost of 
management (Yue et al., 2012) than on potential injury associated with their lawn.  However, 
perennial turfgrass cover retention on lawn areas is critical for reducing soil erosion (Emmons 
and Rossi, 2016).  Improperly managed lawn areas are more vulnerable to weed, insect and 
disease infestations that can quickly reduce turfgrass cover.  Increased insect infestations can 
cause considerable damage not only from the insect itself, but from predators that destroy 
turfgrass areas while searching for insects.  For example, universities in the European Union 
have experienced birds excavating turfgrass in their green spaces to access the increasing number 
of beetles and grubs (Catalfamo, 2014; Linning, 2016).   
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Several studies have examined alternative management practices, which are designed to 
offset the need for regularly scheduled synthetic pesticide use, in order to provide guidance to 
turfgrass managers related to insect and weed control (Bingaman and Christians, 1995; Liu and 
Christians, 1997; Koppenhöfer and Fuzy, 2008; Miller and Henderson, 2012; Miller and 
Henderson, 2013).   Key recommendations for increasing athletic field quality include increased 
overseeding, core aeration, manual weed pulling, and/or the use of EPA approved minimum risk 
25(b) products.  However, as noted by Wallace et al. (2016), adoption of these recommendations 
has been minimal by school grounds managers in Connecticut.  For instance, school 
grounds/athletic field managers indicated that few of their practices changed after the pesticide 
ban took effect in CT (Wallace et al., 2016) even though quality was perceived to have decreased 
(Bartholomew et al., 2015).  The decrease in quality could be directly related to the pesticide ban 
as less effective/more expensive pest control options make it difficult to control weeds, insects, 
and diseases in turfgrass (Miller and Henderson, 2012). Additionally, compost topdressing is 
routinely being recommended by some industry professionals as a method to reduce weed and 
disease incidence, increase water holding capacity, and increase overall turfgrass quality 
(Hoitink and Fahy, 1986; Paplomatas et al., 2004, Evanylo et al., 2016).  The N and P levels in 
compost can vary drastically depending on its source and often application rates are much higher 
than plant nutritional needs (Loper et al., 2013).  In addition to compost applications, inorganic 
fertilizers are often applied without consideration of the nutrient load provided by the compost 
(Gaudreau et al., 2002; Johnson et al., 2006). This greatly complicates N and P management and 
poses potential environmental risks from excess applications of N and P.   
The lack of widespread adoption of proper, alternative pesticide-free management 
regimes has contributed to concerns about athletic field safety, nutrient movement, and turfgrass 
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cover retention on lawn areas. The objectives of this study were to: 1) assess the effects of eight 
management systems on (i) turfgrass color and quality, (ii) percent cover, (iii) weed populations 
and (iv) surface hardness when managed as an athletic field, and 2) assess the effects of eight 
management systems on (v) turfgrass color and quality, (vi) percent cover, and (vii) weed 
populations when managed as a home lawn.  
 
Materials and Methods 
Field plots were created for both an athletic field and home lawn study.  These separate 
studies were conducted at the University of Connecticut’s Plant Science Research and Education 
Facility, located in Storrs, CT on Paxton fine sandy loam (coarse-loamy, mixed, active, mesic 
Oxyaquic Dystrudepts).  Both studies were seeded September 20, 2013. Irrigation was applied as 
needed to prevent drought stress and to water in necessary treatments by applying 5mm of water. 
The athletic field and home lawn studies examined eight turfgrass systems. The 
experimental design was a randomized complete block design with three replications with each 
plot measuring 6m × 9m.  Each system represented a specific type of management regime: 1) 
Organic High (OH), 2) Organic Low (OL), 3) Pesticide-Free High (PFH), 4) Pesticide-Free Low 
(PFL), 5) Calendar-Based (CAL), 6) Integrated Pest Management (IPM), 7) Integrated Systems 
Management (ISM), 8) Mow only (untreated control (MO) (Table 1.1- athletic field and Table 
1.2- home lawn).  The IPM system is a strategy that emphasizes proper cultural practices and the 
use of resistant turfgrass cultivars to minimize pest pressure.  Turfgrass areas are routinely 
monitored and scouted to insure pest remain below action thresholds.  Once pest action 
thresholds are reached, biological and/or chemical controls are utilized as a last resort to control 
pests.  The calendar-based system follows a stepwise program using pesticides and synthetic 
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fertilizers based on application timing.  The ISM is a hybrid between the IPM and calendar-based 
systems.  Applications are based on the principle of prevention and least potentially toxic 
applications.  Management actions took place when outbreak conditions were favorable due to 
environmental or historic factors.  The pesticide-free system’s applications were based on current 
CT law and was managed without traditional pesticides, but did utilize synthetic fertilizers.  The 
organic system utilized treatments and fertilizers that are derived from plant and animal sources.  
The organic and pesticide-free systems had two levels of management. The high and low 
treatments for the organic and pesticide-free treatments examined two extremes of applications 
because many managers/professionals and homeowners are often limited by budget and/or time.  
Recommended best management practices are not always able to be followed or unrealistic plans 
of action are recommended.  The high and low systems demonstrated the difference between the 
intensity of management and provided feasible recommendations for various levels of inputs. 
Measurements to assess and compare the effectiveness among treatment groups within a 
system included turfgrass color, quality, density and percent cover, as well as the percent weed 
cover, and surface hardness.   Data were collected monthly over a two-year period (2014 and 
2015) from May through October, except for surface hardness, which was collected only during 
2015.  Turfgrass color and percent cover/density were assessed both subjectively and objectively.  
Turfgrass color and percent cover were evaluated using Digital Image Analysis (DIA) 
(Richardson et al., 2001). Digital images of treatments were taken under controlled light 
conditions with ambient light being excluded.  Sigma Scan Software (Cranes Software 
International Limited, 1991) was used to process the images using hue values of 40-110 and 
saturation thresholds from 0-100.  Dark Green Color Index (DGCI) values were calculated using 
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hue, saturation, and brightness readings (Karcher and Richardson, 2003). DIA data were 
collected monthly from May through November.  
Plots were subjectively evaluated for color and quality using a 1 to 9 rating scale: where 
9=dark green turfgrass, 6=acceptable green turfgrass and 1=brown turfgrass for color and 
9=outstanding turfgrass, 6=acceptable turfgrass and 1=dead turfgrass for quality, respectively. 
Visual estimations of percent weeds and turfgrass density of each plot was collected on 1 to 100 
percentage scale.  Surface hardness was measured using a 2.25 kg Clegg impact soil tester 
(Lafayette Instrument Co., Lafayette, IN) and measurements were an average of six single drops 
of the missile at six different locations within each plot (ASTM, 2010). Surface hardness was 
only measured on the athletic field research plots.  
Soil samples were taken to a 15-cm depth in late April of 2014 (initial samples), 2015 
(end of year one) and 2016 (end of year two).  Samples were then taken to the University of 
Connecticut, Department of Plant Science Soil Nutrient Analysis Laboratory for analysis.  Soil 
nutrient analyses included pH in water, and extractable calcium (Ca), magnesium (Mg), 
phosphorus (P), and potassium (K) by the modified-Morgan method (University of Delaware, 
2011). 
Analysis of variance (ANOVA) was utilized along with mean separation tests to identify 
any significant differences (P≤0.05) between treatments using the GLM procedure in SAS 
Statistical software v. 9.4 (SAS Institute, 2013).  Fisher’s Protected Least Significant Difference 
(LSD) tests (α = 0.05) were used for the mean separation tests across treatments when the 
ANOVA F-tests were significant.  ANOVA was conducted by year with separate analysis for 
each season as well as across seasons (individual dates were analyzed by seasonal groupings, 
spring = May/June, summer = July/August, fall = September/October).   All model variables 
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were considered as fixed effects.  For the DIA analysis, percent weed cover was added as a 
covariate.   
Given color, quality, and density are generally not judged independently when making a 
decision on a management system, we generated a Desirable Species Index (DSI) that 
incorporated the color, quality, density, and weed measurements into a single value to distinguish 
differences between management systems that resulted in more desirable turf performance when 
all those variables were considered simultaneously.   The DSI was calculated as (mean visual 
color × mean visual quality × mean visual density × [100–mean percentage visual weed 
cover]/10,000). The 100–weed% term created a penalty and lowered the DSI value with more 
weeds. The product of terms was divided by 10,000 just for simplicity of data presentation.  
Variable means associated with each treatment replicate were calculated across seasons, and the 
DSI was analyzed with ANOVA using the GLIMMIX procedure of SAS with least-square 
means separated using Fisher’s Protected LSD test with degrees-of-freedom adjustments 
specified by Kenward and Roger (1997).   
 
Athletic Field Management 
The athletic field research area was seeded with a mixture of 35% ‘America’ Kentucky 
bluegrass (Poa pratensis L.), 35% ‘Granite’ Kentucky bluegrass (Poa pratensis L.), 15% 
‘Karma’ perennial ryegrass (Lolium perenne L.), and 15% ‘Fiesta 4’ perennial ryegrass (Lolium 
perenne L.) (% by weight). The plots were mowed at 6.6 cm two times per week with a zero-turn 
rotary mower (Scag Power Equipment, Mayville, WI).  Mowing began in late April and 
continued through November of each year.   
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Athletic traffic was simulated using a modified Cady Traffic Simulator (cleated feet are 
added to a walk-behind core cultivation unit) (Henderson et al., 2005). Traffic was applied 1-2X 
per week in two perpendicular directions beginning from late May through October of 2015 for a 
total of 32 traffic events.    
 
Athletic Field Management Regimes (Table 1.1) 
Organic High 
Fertility treatments began on 5 May 2014 and 5 May 2015 with corn gluten (9-0-0) 
(Harrington's Organic Land Care, Bloomfield, CT) applied at a rate of 10 g N m-2.    
Entomopathogenic nematodes (Heterorhabditis bacteriophora) (Nemasys® G, BASF 
Corporation, Research Triangle Park, NC) were applied on 21 August 2014 and 18 August 2015 
at a rate of 2.5 billion ha-1 (Downing, 1994).  OS-Summer™ (6-0-3) (Harrington's Organic Land 
Care, Bloomfield, CT) was applied on 8 August 2014 at a rate of 10 g N m-2.  OS-Summer™ is 
derived from de- hulled soybean (Glycine max) meal, alfalfa (Medicago sativa), distillers dried 
grains, sulfate of potash, and molasses.  OS-Green™ (11-0-0) (Harrington's Organic Land Care, 
Bloomfield, CT) was applied on 11 September 2015 at a rate of 10 g N m-2. OS-Green™ is 
derived from bone and feather meals.  Total N applied during each year was 20 g N m-2. 
Each plot was cultivated using solid tines on 8 September 2014 in two directions using a 
Toro 648 walk-behind greens aerator (The Toro Company, Bloomington, MN) set to 5 cm × 5 
cm spacing to a depth of 7.6 cm using 1.6 cm tines.  On 25 September 2015 plots were hollow-
tine core cultivated in two directions using a Toro 648 walk-behind greens aerator set to 5 cm × 5 
cm spacing to a depth of 7.6 cm using 1.6 cm tines with cores returned to each plot.  Plots were 
overseeded with a perennial ryegrass blend (Lolium perenne L.) (35% ‘Fiesta 4’, 35% ‘Wicked’, 
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30% ‘Karma’ (% by weight)) (DLF Pickseed, Halsey, OR) on four separate occasions during 
2015.  On 18 June, 13 July, and 28 August, plots received 15 g m-2 of seed and on 28 September 
the plots were overseeded with 93 g m-2 of seed for a total of 138 g m-2 for 2015.    
 
Organic Low 
Fertility treatments began on 5 May 2014 and 5 May 2015 with corn gluten (9-0-0) 
(Harrington's Organic Land Care, Bloomfield, CT) being applied at rate of 5 g N m-2.  OS-
Summer™ (6-0-3) (Harrington's Organic Land Care, Bloomfield, CT) was applied on 8 August 
2014 at a rate of 5 g N m-2.  OS-Green™ (11-0-0) (Harrington's Organic Land Care, Bloomfield, 
CT) was applied on 11 September 2015 at a rate of 5 g N m-2. Total N applied for each year was 
10 g N m-2.  Plots were overseeded in 2015 with perennial ryegrass blend (35% ‘Fiesta 4’, 35% 
‘Wicked’, 30% ‘Karma’ (% by weight)) (DLF Pickseed, Halsey, OR) at a rate of 5 g m-2 on 18 
June, 13 July, and 28 August.  Plots received an additional 46 g m-2 on 28 September 2015 for a 
yearly total of 61 g m-2 seed.   
  
Pesticide-Free High 
During 2014 (29 May and 20 September) and 2015 (18 May) the PFH plots received an 
application of Harrell's Inc. Polyon (30-0-10, Lakeland, Florida) at rate of 10 g N m-2.  On 11 
September 2015 the plots received 10 g N m-2 of Meth-Ex® 40 (40-0-0, Lebanon Seaboard 
Corporation, Lebanon, OH).  The total N for each year for each plot was 20 g N m-2.  
Entomopathogenic nematodes (Heterorhabditis bacteriophora) (Nemasys® G, BASF 
Corporation, Research Triangle Park, NC) were applied on 21 August 2014 and 18 August 2015 
at a rate of 2.5 billion ha-1.   
 11 
 
Plots were overseeded with perennial ryegrass blend (35% ‘Fiesta 4’, 35% ‘Wicked’, 
30% ‘Karma’ (% by weight)) (DLF Pickseed, Halsey, OR) on four separate occasions in 2015.  
On 18 June, 13 July, and 28 August plots received 15 g m-2 of seed and on 28 September the 
plots were overseeded with 93 g m-2 of seed for a total of 138 g m-2 during 2015.   
Each plot was cultivated using solid tines on 8 September 2014 in two directions using a 
Toro 648 walk-behind greens aerator (The Toro Company, Bloomington, MN) set to 5 cm × 5 
cm spacing to a depth of 7.6 cm using 1.6 cm tines.  On 25 September 2015 plots were hollow-
tine core cultivated in two directions using a Toro 648 walk-behind greens aerator set to 5 cm × 5 
cm spacing to a depth of 7.6 cm using 1.6 cm tines with cores returned to each plot. 
 
Pesticide-Free Low 
PFL plots received an application of Harrell's Inc. Polyon (30-0-10, Lakeland, Florida) at 
rate of 5 g N m-2 on two occasions in 2014 (29 May and 20 September) for a total of 10 g N m-2 
for the year.  During 2015, Harrell's Inc. Polyon (30-0-10, Lakeland, Florida) was applied at rate 
of 5 g N m-2 on 18 May while Meth-Ex® 40 (40-0-0, Lebanon Seaboard Corporation, Lebanon, 
OH) was applied on 11 September 2015 at a rate of 5 g m-2.  The total N per plot for each year 
was 10 g N m-2.  Plots were overseeded with perennial ryegrass blend (35% ‘Fiesta 4’, 35% 
‘Wicked’, 30% ‘Karma’ (% by weight)) (DLF Pickseed, Halsey, OR) at a rate of 5 g m-2 on 18 
June, 13 July, and 28 August, 2015.  Plots received an additional 46 g m-2 on 28 September 2015 
for a yearly total of 61 g m-2 of seed.   
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Calendar-Based 
On 7 May 2014 and 12 May 2015 CAL based plots received 4.5 g N m-2 of GreenView 
Fairway Formula Spring Fertilizer with Crabgrass Preventer (27-0-5, dithiopyr 0.13%, Lebanon 
Seaboard Corporation, Lebanon, OH).  During 2014 (8 July and 19 September) and 2015 (10 
July and 11 September) 5 g N m-2 of Meth-Ex® 40 (40-0-0, Lebanon Seaboard Corporation, 
Lebanon, OH) was applied to each plot.  On 8 October 2014 the plots received 5.5 g N m-2 using 
Urea (46-0-0, Lesco, Rocky River, Ohio).  On 16 October, 2015 the plots received 5.5 g N m-2 of 
Meth-Ex® 40. The total N per year for for each plot was 20 g N m-2.  Acelepryn G 
(chlorantraniliprole 0.2%, E.I. du Pont de Nemours and Company, Wilmington, Delaware) was 
applied at a rate of 56 kg ha-1 on 4 June 2014 and 19 June 2015.  Speed Zone (2, 4-D (28.57%), 
mecoprop-p (5.88%), dicamba (1.71%), carfentrazone (0.62%), PBI/Gordon Corporation, 
Kansas City, Missouri) was applied on 11 November 2014 at a rate of 0.5 ml m-2 while T-Zone 
(triclopyr (7.72%), sulfentrazone 0.66%), 2, 4-D (29.32%), dicamba (2.22%), PBI/Gordon 
Corporation, Kansas City, Missouri) was applied on 11 November 2015 at a rate of 0.4 ml m-2.   
 
Integrated Pest Management 
On 29 May 2014 and 29 May 2015 IPM plots received an application of Harrell's Inc. 
Polyon (30-0-10, Lakeland, Florida) at rate of 10 g N m-2.  On 19 September 2014 the plots 
received 5 g N m-2 using Meth-Ex® 40 (40-0-0, Lebanon Seaboard Corporation, Lebanon, OH). 
On 8 October 2014 plots received 5 g N m-2 using Urea (46-0-0, Lesco, Rocky River, Ohio). On 
19 September 2015 the plots received 10 g N m-2 using Meth-Ex® 40 (40-0-0, Lebanon 
Seaboard Corporation, Lebanon, OH).  The total N per year for each plot was 20 g N m-2.  
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Speed Zone (2,4-D (28.57%), mecoprop-p (5.88%), dicamba (1.71%), carfentrazone 
(0.62%), PBI/Gordon Corporation, Kansas City, Missouri) was applied on 11 November 2014 at 
a rate of 0.5 ml m-2.  T-Zone (triclopyr (7.72%), sulfentrazone 0.66%), 2,4-D (29.32%), dicamba 
(2.22%), PBI/Gordon Corporation, Kansas City, Missouri) was applied on 11 November 2015 at 
a rate of 0.4 ml m-2.   
 
Integrated Systems Management 
On 7 May 2014 and 12 May 2015 ISM based plots received 4.5 g N m-2 of GreenView 
Fairway Formula Spring Fertilizer with Crabgrass Preventer (27-0-5, dithiopyr 0.13%, Lebanon 
Seaboard Corporation, Lebanon, OH).  During 2014 (8 July and 19 September) and 2015 (10 
July and 11 September) 5 g N m-2 using Meth-Ex® 40 (40-0-0, Lebanon Seaboard Corporation, 
Lebanon, OH) was applied to each plot. On 8 October 2014 the plots received 5.5 g N m-2 using 
Urea (46-0-0, Lesco, Rocky River, Ohio). On 16 October, 2015 the plots received 5.5 g N m-2 of 
Meth-Ex® 40.The total N per plot for each plot was 20 g N m-2. 
Acelepryn G (chlorantraniliprole 0.2%, E.I. du Pont de Nemours and Company, 
Wilmington, Delaware) was applied at a rate of 56 kg ha-1 on 4 June 2014 and 19 June 2015.  
Speed Zone (2,4-D (28.57%), mecoprop-p (5.88%), dicamba (1.71%), carfentrazone (0.62%),  
PBI/Gordon Corporation, Kansas City, Missouri) was applied on 11 November 2014 at a rate of 
0.5 ml m-2.  T-Zone (triclopyr (7.72%), sulfentrazone 0.66%), 2,4-D (29.32%), dicamba (2.22%), 
PBI/Gordon Corporation, Kansas City, Missouri) was applied on 11 November 2015 at a rate of 
0.4 ml m-2.   
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Mow only (untreated control) 
The MO plots had no chemical, biological, or fertilizer treatments applied in either 2014 
or 2015. 
 
Home Lawn Management 
The home lawn research area was seeded with a mixture of 30% ‘America’ Kentucky 
bluegrass, 30% ‘Granite’ Kentucky bluegrass, 10% ‘Karma’ perennial ryegrass, 10% ‘Fiesta 4’ 
perennial ryegrass, 10% ‘Winward’ Chewings fescue (Festuca rubra L. ssp. commutata), and 
10% ‘Garnet’ creeping red fescue (Festuca rubra L.) (% by weight).  The plots were mowed 
once per week at 8.9 cm with a zero-turn rotary mower (Scag Power Equipment, Mayville, WI).  
Mowing began in late April and continued through November of each year.   
  
Home Lawn Management Regimes (Table 1.2) 
Organic High 
Fertility treatments began on 5 May 2014 and 5 May 2015 with corn gluten (9-0-0) 
(Harrington's Organic Land Care, Bloomfield, CT) being applied at rate of 10 g N m-2.  OS-
Summer™ (6-0-3) (Harrington's Organic Land Care, Bloomfield, CT) was applied on 8 August 
2014 at a rate of 5 g N m-2.  OS-Green™ (11-0-0) (Harrington's Organic Land Care, Bloomfield, 
CT) was applied on 11 September 2015 at a rate of 5 g N m-2.  Total N fertilizer per year was 15 
g N m-2 per plot.  Entomopathogenic nematodes (Heterorhabditis bacteriophora) ® G, BASF 
Corporation, Research Triangle Park, NC) were applied on 21 August, 2014 and 18 August, 
2015 at a rate of 2.5 billion ha-1.   
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Organic Low  
Only one fertilizer application was made during each year.  On 5 May 2014 and 11 May 
2015 corn gluten (9-0-0) (Harrington's Organic Land Care, Bloomfield, CT) was applied to each 
plot at rate of 5 g N m-2.  Total N fertilizer per year was 5 g N m-2 per plot. 
 
Pesticide-Free High 
Corn gluten (9-0-0) (Harrington's Organic Land Care, Bloomfield, CT) was applied at 
rate of 10 g N m-2 on 5 May 2014 and 4 May 2015.  On 20 September 2014 the PFH plots 
received an application of Harrell's Inc. Polyon (30-0-10, Lakeland, Florida) at rate of 5 g N m-2 
while Meth-Ex® 40 (40-0-0, Lebanon Seaboard Corporation, Lebanon, OH) was applied on 11 
September 2015 at a rate of 5 g N m-2.  Each plot received a total of 15 g N m-2 per year.  
Entomopathogenic nematodes (Heterorhabditis bacteriophora) (Nemasys® G, BASF 
Corporation, Research Triangle Park, NC) were applied on 21 August 2014 and 18 August 2015 
at a rate of 2.5 billion ha-1. 
 
Pesticide-Free Low 
PFL plots plots received an application of Harrell's Inc. Polyon (30-0-10, Lakeland, 
Florida) at rate of 5 g N m-2 on 29 May 2014 and 18 May 2015.  Total N fertilizer per year was 5 
g N m-2 per plot. 
 
Calendar-Based  
On 7 May 2014 and 12 May 2015 CAL plots received Scotts STEP® 1 (27-0-7, 
pendimethalin 1.29%, The Scotts Miracle-Gro Company, Marysville, OH) at a rate of 3.75 g N 
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m-2.  Scotts STEP® 2 (28-0-6, 2,4-D 1.21% and mecoprop-p 0.61%, The Scotts Miracle-Gro 
Company, Marysville, OH) at a rate of 4 g N m-2 was applied to each plot on 23 June 2014 and 
10 June 2015.  Scotts STEP® 3 (32-0-4, The Scotts Miracle-Gro Company, Marysville, OH) was 
applied at a rate of 3.75 g N m-2 on 20 September 2014 and 12 September 2015.  On 8 October 
2014 the plots received 3.5 g N m-2  Urea (46-0-0, Lesco, Rocky River, Ohio), while 3.5 g N m-2 
of Scotts STEP® 4 (32-0-12, The Scotts Miracle-Gro Company, Marysville, OH) was applied to 
each plot on 8 October 2015.  The total N per year for each plot was 15 g N m-2.   
Acelepryn G (Chlorantraniliprole 0.2%, E.I. du Pont de Nemours and Company, 
Wilmington, Delaware) was applied at a rate of 56 kg ha-1 on 4 June 2014 and 4 June 2015.  
Speed Zone (2, 4-D (28.57%), mecoprop-p (5.88%), dicamba (1.71%), carfentrazone (0.62%), 
PBI/Gordon Corporation, Kansas City, Missouri) was applied on 11 November 2014 at a rate of 
0.5 ml m-2.  T-Zone triclopyr (7.72%), sulfentrazone 0.66%), 2,4-D (29.32%), dicamba (2.22%), 
PBI/Gordon Corporation, Kansas City, Missouri) was applied on 11 November 2015 at a rate of 
0.4 ml m-2.    
 
Integrated Pest Management  
On 29 May 2014 and 29 May 2015 IPM plots received an application of Harrell's Inc. 
Polyon (30-0-10, Lakeland, Florida) at rate of 7.5 g N m-2.  Urea (46-0-0, Lesco, Rocky River, 
Ohio) was applied on 8 October 2014 at a rate of 7.5 g N m-2 while Meth-Ex® 40 (40-0-0, 
Lebanon Seaboard Corporation, Lebanon, OH) was applied on 11 September 2015 at a rate of 
7.5 g N m-2.  The total N per year for each plot was 15 g N m-2. Speed Zone (2, 4-D (28.57%), 
mecoprop-p (5.88%), dicamba (1.71%), carfentrazone (0.62%), PBI/Gordon Corporation, 
Kansas City, Missouri) was applied on 11 November 2014 at a rate of 0.5 ml m-2.  T-Zone 
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(triclopyr (7.72%), sulfentrazone 0.66%), 2,4-D (29.32%), dicamba (2.22%), PBI/Gordon 
Corporation, Kansas City, Missouri) was applied on 11 November 2015 at a rate of 0.4 ml m-2.   
 
Integrated Systems Management 
On 7 May 2014 and 12 May 2015 ISM plots received Scotts STEP® 1 (27-0-7, 
pendimethalin 1.29%, The Scotts Miracle-Gro Company, Marysville, OH) at a rate of 3.75 g N 
m-2.  Meth-Ex® 40 (40-0-0, Lebanon Seaboard Corporation, Lebanon, OH) was applied on 8 
June 2014 at a rate of 5 g N m-2 and on 12 September 2014 at a rate of 3.75 g N m-2.  On 8 
October 2014 the plots received 2.5 g N m-2 Urea (46-0-0, Lesco, Rocky River, Ohio). In 2015 
on 8 June and 12 September Meth-Ex® 40 was applied at 5 g N m-2 and 6.25 g N m-2, 
respectively.   The total N per year for each plot was 15 g N m-2.   
Acelepryn G (chlorantraniliprole 0.2%, E.I. du Pont de Nemours and Company, Wilmington, 
Delaware) was applied at a rate of 56 kg ha-1 on 4 June 2014 and 19 June 2015.  Speed Zone 
(2,4-D (28.57%), mecoprop-p (5.88%), dicamba (1.71%), carfentrazone (0.62%),  PBI/Gordon 
Corporation, Kansas City, Missouri) was applied on 11 November 2014 at a rate of 0.5 ml m-2.   
T-Zone (triclopyr (7.72%), sulfentrazone 0.66%), 2,4-D (29.32%), dicamba (2.22%), 
PBI/Gordon Corporation, Kansas City, Missouri) was applied on 11 November 2015 at a rate of 
0.4 ml m-2.   
 
Mow only (untreated control)  
The MO plots had no chemical, biological, or fertilizer treatments applied in either 2014 
or 2015. 
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Results and Discussion 
Athletic Fields 
Qualitative Turfgrass Color 
2014 
 Significant treatment differences in turfgrass color were observed for the summer and 
fall in 2014 (Table 1.3).  OH and OL provided similar results across seasons in 2014.  PFL and 
PFH also performed similarly.  However, when examining the treatments that used pesticides, 
CAL, IPM, and ISM had similar color during the spring, but CAL and ISM out preformed IPM 
in the fall.  PFL, OL, and OH performed as well as CAL, ISM, and IPM across seasons, but PFH 
performed better than IPM.   
Given current regulations in Connecticut (and many other states), the results indicating 
pesticide-free options of PFL, PFH, and OH provided the same or better color in 2014 as the 
pesticide treatments is encouraging.  Managers using OL would have seen less green color 
during the summer than if PFH were used, but experienced similar color to PFL and OH.  Given 
PFH and OH had several additional inputs (Heterorhabditis bacteriophora and solid-tine 
cultivation) that would increase costs, PFL would have been the recommended management plan 
for managers maintaining athletic fields during 2014.  Even for school grounds managers not 
limited by a pesticide ban, PFL would have been the preferred option during 2014 as PFL 
generates the same color ratings as the other treatments, but with less inputs and a less expensive 
management plan. 
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2015 
All treatments provided the same turfgrass color ratings across seasons in 2015 (Table 
1.3). Given the lack of significant differences between treatments, managers would have had 
similar green color regardless of the treatment plan implemented.  Using expected cost as a 
deciding factor, MO would have been preferred management choice as no additional inputs were 
applied.  However, turfgrass managers who choose to add inputs besides mowing only should 
have used OL or PFL in 2015 due to the costs of organic versus synthetic fertilizers.  Synthetic 
fertilizers are almost always less expensive than organic fertilizers. Therefore, PFL would be 
preferred to OL, but since prices fluctuate managers should gauge prices in making the decision.   
    
Turfgrass Quality 
2014 
Similar to the turfgrass color analysis above, significant quality differences were 
observed only for fall and across seasons during 2014 (Table 1.4).  During the fall, all 
management regimes provided similar quality levels except PFH exhibited higher quality than 
IPM and MO.  With respect to quality performance across seasons, CAL was equivalent to IPM, 
ISM, OL, and PFL. PFH had higher quality than CAL and MO.  Managers focusing strictly on 
overall quality need to evaluate the economic costs of each management regime.  Using material 
costs as a limiting factor, PFL would most likely have been the most cost effective choice in 
2014 given that no pesticides were used and synthetic fertilizers are less costly than their organic 
fertilizer counterparts.   
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2015 
During 2015, treatment effects were significant for the spring, summer, and across 
seasons (Table 1.4).  No differences across treatments were observed except MO had 
significantly lower quality than other treatments in the spring.  During the summer, MO had 
lower turfgrass quality than CAL, IPM, OH, OL, and PFL. MO is also significantly different in 
the across season model implying that all treatments had similar quality ratings above MO.  
Based on the 2015 results, the non-pesticide management systems were equivalent to the systems 
where pesticides were included.  Turfgrass managers that have a pesticide limitation should 
focus on either OL or PFL, with the PFL option most likely preferred due to its reduced cost. 
 
Turfgrass Density 
2014 
There were no significant differences within growing seasons with respect to turfgrass 
density (Table 1.5).  However, there was significant seasonal effect indicating differences 
between seasons.  If turfgrass density is the primary focus of a management plan, then costs 
should be a major factor when determining a management plan.  Using cost as a criteria, PFL 
would have been the recommended choice in 2014 over the other treatments given the use of 
minimal inputs for this treatment. 
 
2015 
Significant treatment effects were found only across season and the fall (Table 1.5). 
Turfgrass density for all the treatments was similar during spring and summer, but there was a 
significant decrease in density in the fall, as noted by the significant season effect.  During the 
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fall, IPM, ISM, OH, OL, PFH, and PFL outperformed CAL.  However, only OL and PFL 
provided a higher turfgrass density than MO.  Non-conventional treatments may have shown 
increased density measures due to aggressive overseeding.  Overseeding has been shown to be 
beneficial to heavily trafficked turfgrass by constant replenishment of seedlings as turf thins 
(Minner et al., 2008).  Given this finding, PFL would have been the preferred in 2015.  However, 
if an organic option is desired then OL should be considered.  Managers who are risk averse and 
want to include pesticides IPM or ISM treatments should be chosen over the CAL treatment if 
higher turfgrass density is desired as they performed better in the fall.  
 
Percent Weed Cover 
2014 
During 2014, significant treatment effects for percent weeds were observed across 
seasons as well as for the summer and fall seasons (Table 1.6).  In the spring, no differences 
were found, and weed coverage was similar across all treatments.  However, all treatments 
experienced an increase in weed coverage with an average increase of almost 4% from spring to 
summer.  MO had the highest level of weeds compared with the other treatments with MO 
experiencing an 8% increase from spring to summer.  CAL, IPM, ISM, OH, and PFH provided 
the lowest percentage of weed coverage in the fall compared with the other treatments.  CAL, 
IPM, ISM, OH, and PFH experienced an average increase of only a 3% in weed coverage from 
summer to fall compared with the 5% average increase for the other treatments.   
The across season analysis for 2014 showed all treatments performing similarly except 
for IPM performing better than PFL, OL, and MO.  Athletic field managers concerned with only 
spring and/or summer weed control could have used any of the treatments excluding MO and 
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achieved the same weed reduction.  However, turfgrass managers concerned with weed control 
from spring through fall should select IPM over the low input treatments (PFL, OL, and MO), 
but would have had similar effects using IPM, CAL, ISM, OH, or PFH.   
The season and season × treatment interaction was significant for 2014, indicating that 
not only did season affect percent weed cover, but also impacted some of the treatments 
differently.  For instance, CAL had an increase in percent weed cover from spring to summer to 
fall, but IPM increased from spring to summer but then decreased from summer to fall.   
 
2015 
Significant treatment differences for the percent weeds were found across all models in 
2015 (Table 1.6).  During the spring CAL, IPM, ISM, and PFH outperformed the other 
treatments by having reduced weed levels.  CAL, IPM, and ISM were preferred for weed control 
in the summer. PFH was not as effective, as the percent weed cover went from 7.5% to almost 
13% from spring to summer.  CAL, IPM, and ISM had significantly lower weed levels in the fall 
as well with ISM falling from 3% in the summer to 2% in the fall.   Overall, organic (OH and 
OL) and pesticide-free treatments (PFH and PFL) had more percent weed cover than traditional 
chemical management systems, but fewer weeds than MO.  Increased nutrient levels have been 
shown to promote turfgrass competition between weeds and increase overall turfgrass quality 
(Miltner et al., 2005, Miller and Henderson, 2012). Utilizing the across season results from 2015 
we find that CAL, IPM, and ISM outperformed the non-pesticide treatments.  In terms of 
increased percent weed cover, the treatments using pesticides (CAL, IPM, and ISM), performed 
the best overall in 2015.  They experienced an average increase of only 2% in weed coverage 
from spring to fall while the pesticide-free treatments had a 4% increase.  Weed coverage 
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increased by an average 15% between spring 2014 to spring 2015 across all treatments. 
However, where pesticides were used, treatments experienced only a 2% increase compared with 
the 23% average increase in the non-pesticide treatments.   Furthermore, the pesticide treatments 
only increased in weed coverage during the length of the study by an average of 3% from spring 
2014 to fall 2015 while the non-pesticide treatments had a 28% increase in weed coverage. 
Given the overall and seasonal results during 2015, athletic field managers that are not 
challenged with pesticide restrictions could have used CAL, IPM, or ISM to achieve optimal 
weed control throughout the season.  From a cost perspective IPM would have been the 
recommended choice in 2015 given CAL and ISM had an extra input (dithiopyr).   
Athletic field managers that either are unable to use pesticides or are looking for non-
pesticide alternatives, PFH would have been most suitable because of its overall performance.  
As for an organic management plan, OH and OL were not significantly different for years or 
seasons in 2014.  However, OH exhibited less weed growth in the second year of the study 
compared with OL. This could be due to the increased fertility rate or the use of corn gluten meal 
for suppression of various weeds.  Both have been shown to increase overall turfgrass quality 
and suppress weed populations (Miltner et al., 2005; McDade and Christians, 2001). The 
majority of weed pressure in this study came from white clover (Trifolium repens L.).  In a study 
by Brosnan et al. (2014) white clover lost cover 12 times faster than turfgrass.  In an athletic 
field, turfgrass cover is extremely important, as lack of turfgrass cover can lead to increased 
surface hardness, possibly resulting in increased injuries (Griffin et al., 2006; Brosnan et al., 
2014; Rennie et al., 2016).  
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Surface Hardness – Clegg 
2015 
There were no significant treatment effects on surface hardness for any of the models 
(Table 1.7). This was similar to the findings of Miller and Henderson (2013) that showed 
minimal differences between conventional and organic management regimes. All ranges 
measured were well within safe playing standards throughout all growing seasons (Baker et al., 
2007; ASTM, 2007).  However, the surface hardness levels across season did show an increasing 
trend over time as noted by the significant season effect.  This is consistent with the findings by 
Brosnan et al. (2014) where plots with elevated weed populations had higher surface hardness 
values over time.  These results are concerning because increased surface hardness can increase 
the chance of injury (Rennie et al., 2016).   
 
Dark Green Color Index 
2015 
Treatment effects for DGCI were significant across seasons, spring and summer (Table 
1.8).  In the across season model ISM produced the highest DCGI, but it was not significantly 
different from CAL or IPM.  This trend is evident in the seasonal analysis, where CAL, IPM, and 
ISM have higher green color values during the spring and summer; however, no differences in 
treatments were found during the fall.  DGCI is a quantitative measurement of color that has 
mostly been used to evaluate monoculture stands of warm and cool-season grasses (Bunderson et 
al., 2009).  This method of quantifying color does not differentiate between weed or turfgrass 
species.  This could account for the minimal differences seen within systems using pesticides and 
not using pesticides.   Caution should be used when interpreting these results as high weed levels 
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in some of the treatments most likely skewed the data to mimic values close to or not 
significantly different from treatments containing less weeds.   
When evaluating turfgrass strictly based on dark green color, CAL, IPM, or ISM would 
have been the optimal management plans for 2015 based on DGCI results.  If no pesticides can 
be used as a part of a management plan, PFH would have been the optimal choice as it is 
equivalent to the other treatments in the spring, fall, and overall, but provides a greener color 
during the summer.   
 Comparing the objective color of DGCI and the subjective visual turfgrass color ratings 
in 2015 discussed earlier, the DGCI found significant treatment effects while the qualitative 
color ratings found limited differences.  The lowest cost turfgrass management plan should be 
chosen that fits with the regulations the athletic field manager must follow. 
 
Digitial Image Analysis - Percent Green Cover 
2015 
With respect to the percent green cover as determined by digital image analysis, there 
were significant treatment effects across seasons and for the spring (Table 1.9).  Across seasons, 
IPM, ISM, OH, OL, PFH and PFL provided the greenest coverage at 87%, 87%, 89%, 86%, 
88%, and 86%, respectively.  Overall, CAL and MO provided less green cover than the top 
treatments.  During the spring, CAL and ISM had statistically less green cover than OH and PFH 
with all other treatments equivalent to CAL and ISM. While these values may be statically 
significant, they may not be different enough to warrant a management system change.  Given 
these findings, IPM, ISM, OH, OL, PFH and PFL would have provided equal green cover during 
2015.  OL would have been the best choice given the use of less inputs needed for this 
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management plan.   These results must be interpreted with caution, as DIA cannot differentiate 
between coverage from turfgrass or weed species.   Over time, weed species have been shown to 
have reduced wear tolerance and caused reduced cover (Carrow and Petrovic, 1992).  A 
reduction of cover has also been show to increase surface hardness values (Rogers and 
Waddington, 1992), potentially leading to increased injury.   
 
Desirable Species Index 
 Significant differences were found in the desirable species index (DSI) across seasons 
and each season (Table 1.10).  Across seasons CAL, IPM, ISM, OH and PFH had the highest 
index value with CAL and OH equivalent to PFL.  MO had the lowest index value across 
seasons.  Similar results were found across each season.  CAL, OH, PFH, and PFL were 
statistically similar each season but in the spring and summer IPM had a higher index value than 
OL and ISM. In the fall, ISM had higher index than OL and MO.  MO had the lowest index 
value in each season.  Given that athletic field managers most likely use a combination of visual 
indicators (i.e., color, quality, density) in deciding on a management regime, the index provides 
valuable information.  OH and PFH are equivalent to the three pesticide treatments of CAL, 
IPM, and ISM.  Based these results, OH or PFH would have been preferred in 2015.  However, 
non-pesticide regimes may be more expensive, mostly due to product cost, than regimes that 
include pesticides. Therefore, IPM provides the most cost effective quality playing surface, as it 
has less inputs than CAL or ISM.  If OH and PFH are too expensive and managers are not able to 
use pesticides then PFL would have been preferred to OL and MO. 
 
  
 27 
 
Home Lawns 
Qualitative Turfgrass Color 
2014 
Significant (P < 0.05) treatments differences for visual color ratings were found within all 
seasons and across seasons in 2014 (Table 1.11).  Significant season and season × treatment 
effect were observed in 2014.  Across seasons, CAL, ISM, OH, and PFH produced the greatest 
visual color ratings.  During the summer, the CAL treatment provided the highest color ratings, 
which was not significantly different from IPM.  However, in the fall CAL, ISM, OH, and PFH 
were statistically equivalent.  The management plan homeowners should use depends on their 
value placed on organic methods, pesticide use, and cost.  Homeowners valuing all aspects of 
organic production practices would have benefited from using OH during 2014 as this plan used 
a combination of beneficial nematodes (Heterorhabditis bacteriophora) and organic fertilizer 
while providing the same visual color as the pesticide treatments.  However, if the primary 
reason for using organic practices is to reduce the use of conventional pesticides, homeowners 
should have selected PFH in 2014, as this management plan does not involve pesticide use or the 
potential higher costs associated with organic fertilizers.  On the other hand, if summer lawn 
color is important then IPM or CAL would be the preferred choice as treatments provided the 
highest color during the summer.  
 
2015 
Significant treatments differences were found within spring and across all seasons in 
2015 (Table 1.11).  Overall, IPM and OH provided the highest color ratings, which were not 
significantly different from CAL, ISM, OL, and PFH.  IPM, ISM, OH, and PFH provided higher 
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color levels during the spring, but all treatments were equivalent during the summer and fall.  
Based on the 2015 findings home lawn management plans could have used IPM, ISM, OH, or 
PFH and achieved similar results.  Homeowners valuing organic practices should have chosen 
OH in 2015, while PFH would have worked well for homeowners wanting to decrease pesticide 
use.   
 
Turfgrass Quality 
2014 
Across seasons, CAL and ISM produced the highest visual quality, and these treatments 
were not significantly different from OH and PFH (Table 1.12).  However, no treatment 
differences were observed for the spring 2014.  During summer 2014, CAL provided the greatest 
visual quality rating, but not significantly greater than IPM, OH, and PFH.  CAL, ISM, and PFH 
were equivalent in the fall.  Using these results as a basis for 2014 quality recommendations, 
PFH would have been the optimal management plan for 2014 to maximize quality while utilizing 
no pesticides.  The PFH plan would have also been cheaper than the CAL and ISM based on 
inputs used.   
 
2015 
Treatment differences were observed across seasons and within all seasons (Table 1.12).  
Across all seasons the pesticide treatments (CAL, IPM, and ISM) provided higher quality ratings 
compared with most of the non-pesticide counterparts with the exception of IPM being equal to 
PFH.  With respect to seasonal differences, CAL, IPM, and ISM quality ratings were 
significantly higher than all treatments except PFH in the spring and OH and PFH in the 
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summer.  During the fall, CAL and ISM outperformed all the non-pesticide treatments but IPM 
was not significantly different from any of the non-pesticide treatments.  Based on these results, 
one of the pesticide treatments would have been preferred in 2015.  If a non-pesticide plan was 
required, then either PFH or OH would have been the choice as these treatments were better than 
CAL, IPM, or ISM, but were better than the other treatments across all seasons. 
 
Turfgrass Density 
2014 
There were no significant treatment effects for turfgrass density within any of the models 
for 2014 (Table 1.13).  This implies that all the treatments were equivalent and the choice of 
treatment would be based on cost and management plan preference. MO would have been 
preferred in 2014 as no other inputs were used.  However, OL would have been preferred to OH 
based on cost, while PFL would have been preferred to PFH for the same reason. There was a 
significant season effect in 2014, due to decreasing turfgrass density from spring to summer to 
fall. 
 
2015 
In contrast to 2014, 2015 models for within and across seasons were significant (Table 
1.13).  During the summer, CAL, IPM, ISM, OH, and PFH had equal turfgrass density.  Based 
on the summer findings OL would be preferred to OH, and PFL preferred to PFH due to costs.  
However, in the fall CAL, IPM, ISM, and PFL were equal.  Comparing pesticide free options 
PFL would be preferred to PFH during the fall and summer.  OH and OL were equivalent during 
the fall.  Overall, CAL, IPM, ISM, and OH provided higher turfgrass density than the other 
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treatments with PFH and PFL similar to OH.  Based on the results from 2015, homeowners 
wanting to maximize turfgrass density should utilize IPM if cost was the main focus. If 
minimizing pesticides is the main focus, PFL, PFH, or OH should be utilized.  However, if only 
fall turfgrass density was important then PFL or OH would have been preferred.  
 
Percent Weed Cover 
2014 
Percent weed treatment differences were found within summer and fall, as well as across 
all seasons in 2014 (Table 1.14).  Also, both a seasonal and season × treatment effect were 
identified.  Similar to the athletic field weed results, the initial season (spring 2014) had low 
percentage of weeds across all treatments.  However, in 2014, from spring to summer weed 
coverage increased by an average 2%, and a further 8% increase was observed from summer to 
fall. Overall, there was an average 10% increase in percent weeds from spring to fall 2014.  With 
respect to summer and fall, OL and MO exhibited the greatest increase in weeds, with 22% and 
28% increases associated from spring to fall 2014, respectively.  Removing OL and MO from the 
calculations shows an average weed increase of 5% from spring to fall 2014.  Homeowners 
looking to minimize weeds in 2014 should have selected PFL, as it required fewer inputs for the 
same level of weed control.   
 
2015 
Significant differences for percent weeds were found across all models in 2015 (Table 
1.14).  In the spring CAL, IPM, ISM, OH, and PFH were not different in weed coverage.  
However, CAL, IPM, and ISM provided greater weed suppression in summer and fall 2015.  OH 
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and PFH were equivalent to CAL, IPM, and ISM in the spring. However, OH and PFH were not 
as effective in the summer and fall as weed levels increased by 15% and 13% from spring to fall, 
respectively.  In contrast, the pesticide treatments only experienced a 1% increase in weeds from 
spring to fall.   
Utilizing the across season results from 2015 we find that CAL, IPM, and ISM 
outperformed the non-pesticide treatments.  Taking a more in-depth look at the organic and 
pesticide-free treatments also provides interesting results.  High input treatments of OH and PFH 
had a 7% and 5% increase in weed growth from spring to summer 2015 while the low input 
treatments of OL and PFL had a 19% and 18% increase in weeds, respectively.  From summer to 
fall, PFL only had a 2% increase in weeds while OL had a 16% increase. Higher fertility has 
been shown to reduce weed populations (Miltner et al., 2005), as well as the use of corn gluten 
meal (Bingaman and Christians, 1995; McDade and Christians, 2001). Both higher inputs of 
fertilizer and the addition of corn gluten were part of the OH and PFH treatments that exhibited a 
lower percentage of weed growth. 
In comparing the 2014 and 2015 weed levels, CAL, IPM, and ISM averaged only a 1% 
increase from spring 2014 to fall 2015 while the non-pesticide treatments averaged a 42% 
increase.  However, the starting percentages for percent weed cover in spring 2014 were about 
1%.  Breaking down the treatment groups indicates that the weed pressure in the organic 
treatments increased by 44% over the duration of the study, with the pesticide-free treatments 
(PFL and PFH only) experiencing an increase of 27% weed cover.  The pesticide treatments saw 
a 1% decrease in percent weed cover from fall 2014 to spring 2015, while the non-pesticide 
treatments had a 3% increase.  The organic treatments had a 3% increase from fall 2014 to spring 
2015 while the pesticide-free treatments only had a 1% increase.   
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Given the overall and seasonal results during 2015, homeowners not dealing with 
pesticide regulations could have used CAL, IPM, or ISM to achieve optimal weed control 
throughout the season.  From a cost perspective, IPM would have been the recommended choice 
in 2015 given CAL and ISM had an extra input. Homeowners that either are limited to no 
pesticides or choose non-pesticide alternatives, PFH would have been an excellent alternative 
based on overall performance.   
 
Dark Green Color Index 
2015 
There were no significant models for DGCI measurements across treatments (Table 1.15) 
and implies that the treatments performed the same overall and across seasons.  However, as 
previously stated DIA has mostly been used on monoculture stands of turfgrass and is unable to 
differentiate between turfgrass and weed species (Bunderson et al., 2009).  Given these results 
MO would have been the optimum management system, if weeds were not considered a negative 
factor, given the cost savings associated with the method.  In cases where homeowners want to 
incorporate some management plan into their turf care program, then PFL would have been the 
preferred choice in 2015.   
 
Digitial Image Analysis - Percent Green Cover 
2015 
With respect to the percent green coverage in the home lawn as determined by digital 
image analysis, there were no significant treatment effects either across season or for each season 
(Table 1.16).  Given these findings, all the treatments would have produced equivalent green 
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coverage.  Thereby, MO would have been the best choice given the use of less inputs needed for 
this management plan.   As noted in the athletic field discussion on percent green cover, these 
results must be interpreted with caution given DIA cannot differentiate between coverage from 
turfgrass or weed species.    
 
Desirable Species Index 
 Significant differences were found in the DSI across seasons and each season (Table 
1.17).  Across seasons CAL and ISM had the highest index value with IPM and PFH being 
significantly lower but higher than the remaining treatments.  MO had the lowest index value 
across seasons.  Similar results were found across each season.  Interestingly, in the spring CAL, 
IPM, ISM, OH, and PFH had equal index values but only the pesticide treatments were 
equivalent in the summer, implying OH and PFH were not as effective during the summer.  In 
the fall, CAL and ISM were statistically similar with IPM equivalent to OH and PFH but below 
CAL and ISM.  MO had the lowest index value in the spring, summer, and fall.  CAL and ISM 
were equivalent or better than all the other treatments implying they would have been the 
preferred choice in 2015.  If a non-pesticide management regime was desired, PFH would have 
been preferred over OH, OL, and PFL.  For an organic option, OH would have been preferred 
over OL.   
 
Soil Test Analysis 
pH 
Understanding the effect of management plans on turfgrass aesthetics is important, but 
effects on the underlying soil properties are also important.  With respect to pH, the 2014 and 
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2015 values were statistically similar across all treatments for both athletic field and home lawn 
test plots (Table 1.18).  However, significant treatment effects were identified in 2016, with 
differences found in athletic fields but not in the home lawns.  With respect to the athletic fields, 
CAL and PFL had lower pH levels than IPM and ISM, but similar levels to OH, OL, PFH, and 
MO in 2016.  In both the athletic field and home lawn models, a significant year effect was 
identified.  For the athletic field and home lawn studies, pH trended up over time. 
 
Extractable Calcium (Ca) 
Significant treatment effects were found in the across year analysis with no treatment 
effects within seasons for either athletic fields or home lawns.  Results differed between the 
athletic field and home lawn systems across years (Table 1.19).  With respect to athletic fields, 
IPM had the highest Ca values but was equivalent to OH and PFH.  On the other hand, OL had 
the lowest Ca values, but was similar to MO, PFL, and CAL.  No significant season effect was 
identified in the athletic field model.  The across year model for home lawns identified CAL, 
IPM, ISM, OH, and MO as having the highest levels of Ca with CAL, IPM, OH, MO also equal 
to PFL.  OL, PFH, and PFL had the lowest Ca levels.  A significant year effect was found in the 
home lawn model. Ca values trended up from spring to summer, but decreased from summer to 
fall. 
 
Extractable Magnesium (Mg)  
Mg levels on the athletic fields were significantly different across all seasons and in 2016 
(Table 1.20).  Across seasons CAL and PFH had the lowest Mg levels with PFH similar to MO, 
PFL, OL, and IPM as well.  IPM, ISM, OH, OL, PFL, and MO had the highest levels of Mg but 
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only ISM and OH higher than PFH.  Also, a significant year effect was found in the athletic field 
model as Mg levels trended up over time.  With respect to the home lawn models, no significant 
treatment or year effects were found. 
 
Extractable Phosphorus (P) 
No significant treatment effects were found across years, or within years, for either the 
athletic field or home lawn studies for P (Table 1.21).  Year effects were identified in both the 
athletic field and home lawn analyses.  In the athletic field study, overall P levels decreased from 
2014 to 2015, then increased from 2015 to 2016.  However, P levels in the home lawn study 
decreased each year from 2014 to 2016. 
 
Extractable Potassium (K) 
Average K values for treatments across years in the athletic field system showed no 
significant treatment or year effect, which implies K levels, were similar across treatments and 
years (Table 1.22).  However, the home lawn models had a significant treatment effect across 
years and for 2016.  Across years, the CAL, IPM, ISM, OH, and MO treatments had the highest 
K levels, but IPM, OH, and MO were similar to all treatments and CAL was similar to PFL.  In 
2016, the pesticide treatments of CAL, IPM, and ISM exhibited the highest K levels as did PFL 
and MO.  However, CAL and IPM were similar to OH, while PFL and MO were equal to OL 
and OH.  PFH had the lowest K levels in 2016.  Further, a significant yearly effect was identified 
in the home lawn study.  K levels decreased from 2014 to 2015. 
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Conclusions 
This study helps close a gap in the literature and demonstrate how various management 
systems respond to varying levels of inputs both on home lawns and on athletic fields.  Specific 
management recommendations depend on a host of factors, such as product availability, product 
type, costs, labor, aesthetic value, and the option to use pesticides.   For this study, plots had little 
crabgrass (Digitaria spp.) or white grub (Phyllophaga spp. and other related species) pressure. 
White clover was the main weed present in both home lawn and athletic field plots.   Depending 
on pest pressures in a particular area, recommendations could vary according to the particular 
pest challenges of turfgrass managers. 
For athletic field managers wanting to utilize an organic management plan, OH and OL 
were the same over both years and all seasons for subjective and objective color, quality, 
turfgrass density, and surface hardness.  However, OH provided less weed growth in the second 
year of the study compared with OL.  This difference held for the spring and summer of 2015.  
Further, OH outperformed OL in our color, quality, density DSI.  Given this finding, OH would 
be the preferred management program if weed control is a critical concern a critical concern in 
athletic field maintenance, whether a high school varsity sports fields or a youth recreational 
field). 
 Athletic field managers restricted to a pesticide-free program, but not limited to organic 
practices, may want to utilize the PFH management plan. The PFH program offers equivalent or 
improved results than OH, OL, and PFL across all measures except for percent green coverage 
where OL, PFL, and OH outperformed PFH in the fall.  PFH outperformed OL, PFL, and OH in 
weed suppression in the second year of the study.  Finally, managers able to use any inputs could 
implement CAL, IPM, or ISM and be confident the results would be equivalent or better than the 
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other treatments, especially with respect to weed coverage.  Of the three pesticide treatments, 
IPM uses fewer inputs and thereby would likely be the most cost effective. 
 Homeowners and/or landscape professionals that manage home lawns and want to 
maximize green color, turfgrass quality, and turfgrass density should focus on CAL, IPM, or 
ISM especially if weed suppression is a concern.  If an organic management plan is desired then 
OH is preferred to OL as OH performs at or better than OL across most measures.   
Due to budget limitations and/or other reasons many homeowners and some athletic field 
managers may choose to mow only.  Managers/homeowners implementing this plan may save 
money in the short-term as input costs are minimized; however, MO performed the poorest 
across most measures implying a visually less attractive turfgrass field/lawn as well as increased 
weed pressure, which could result in long-term cost increases associated with re-establishment or 
weed control of turfgrass areas in the future.   
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Table 1.1. Athletic field cultural and chemical applications for each management system for 2014 and 2015. 
 Treatment 
Cultural 
Practice 
 Organic High 
(OH) 
Organic 
Low (OL) 
Pesticide-free 
High (PFH) 
Pesticide-free 
Low (PFL) 
Calendar-
based (CAL) 
Integrated Pest 
Management (IPM) 
Integrated Systems 
Management (ISM) 
Mow only 
(MO) 
Weed control Corn gluten  Corn gluten  None None 
Greenview 
Fairway 
Formula† 
 Greenview Fairway 
Formula† 
 
     Speed Zone
‡ 
or T-Zone§ 
Speed Zone‡ or T-
Zone§ 
Speed Zone‡ or T-
Zone§ 
 
Insect control Nemasys G¶ None Nemasys G¶ None Acelepryn G#  Acelepryn G#  
Cultivation 
Solid or 
hollow tine††  
None 
Solid or 
hollow tine††  
None None None None  
Overseed 
perennial 
ryegrass 
blend‡‡ 
perennial 
ryegrass 
blend‡‡ 
perennial 
ryegrass 
blend‡‡ 
perennial 
ryegrass 
blend‡‡ 
    
Fertilization§§ 
20 g N m-2  
yr-2¶¶ 
10 g N m-2  
yr-2## 
20 g N m-2 yr-
2††† 
10 g N m-2  
yr-2‡‡‡ 
20 g N m-2  
yr-2§§§ 
20 g N m-2 yr-2¶¶¶ 20 g N m-2 yr-2### 
0 g N m-2 
yr-2†††† 
† Dithiopyr (1.6 g m-2) 
‡ 2, 4-D, Mecoprop-p, Dicamba, Carfentrazone (0.5 ml m-2) in 2014 
§ Triclopyr, Sulfentrazone, 2, 4-D, Dicamba (0.4 ml m-2) in 2015 
¶ Heterorhabditis bacteriophora (2.5 billion ha-1) in 2014 and 2015 
# Chlorantraniliprole (56 kg ha-1) 
†† Solid (2014) or hollow (2015) tine cultivation were at a 5 cm × 5 cm  spacing to a depth of  7.6 cm 
‡‡ 35% ‘Fiesta 4’, 35% ‘Wicked’, 30% ‘Karma’ (% by weight) (DLF Pickseed, Halsey, OR)  at 138 g m-2 for OH and PFH, 61 g m-2 for OL and PFL in 2015 
§§ Fertilizers listed represent total source amounts applied for the year. 
¶¶ OH-Corn gluten (9-0-0) (Harrington's Organic Land Care, Bloomfield, CT) at 10 g N m-2 in 2014 and 2015, OS-Summer™ (6-0-3) (Harrington's Organic 
Land Care, Bloomfield, CT) at 10 g N m-2 in 2014, OS-Green™ (11-0-0) (Harrington's Organic Land Care, Bloomfield, CT) at 10 g N m-2 in 2015  
## OL-Corn gluten (9-0-0) (Harrington's Organic Land Care, Bloomfield, CT) at 5 g N m-2 in 2014 and 2015, OS-Summer™ (6-0-3) (Harrington's Organic 
Land Care, Bloomfield, CT) at 5 g N m-2 in 2014, and OS-Green™ (11-0-0) (Harrington's Organic Land Care, Bloomfield, CT) at 5 g N m-2 in 2015 
††† PFH-Harrell's Inc. Polyon (30-0-10, Lakeland, Florida) at 20 g N m-2 in 2014 and at 10 g N m-2 in 2015,  and Meth-Ex® 40 (40-0-0, Lebanon Seaboard 
Corporation, Lebanon, OH) at 10 g N m-2 in 2015 
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‡‡‡ PFL-Harrell's Inc. Polyon (30-0-10, Lakeland, Florida) at 10 g N m-2 in 2014 and at 5 g N m-2 in 2015, and Meth-Ex® 40 (40-0-0, Lebanon Seaboard 
Corporation, Lebanon, OH) at 5 g N m-2 in 2015  
§§§ CAL-GreenView Fairway Formula Spring Fertilizer with Crabgrass Preventer (27-0-5) (Lebanon Seaboard Corporation, Lebanon, OH) at 4.5 g N m-2 in 
2014 and 2015, Meth-Ex® 40 (40-0-0, Lebanon Seaboard Corporation, Lebanon, OH) at 10 g N m-2 in 2014 and at 15.5 g N m-2 in 2015, and Urea (46-0-0) ( 
Lesco, Rocky River, Ohio) at 5.5 g N m-2 in 2014 
¶¶¶ IPM-Harrell's Inc. Polyon (30-0-10, Lakeland, Florida) at 10 g N m-2 in 2014 and 2015, Meth-Ex® 40 (40-0-0, Lebanon Seaboard Corporation, Lebanon, 
OH) at 5 g N m-2 in 2014 and at 10 g N m-2 in 2015, and Urea (46-0-0) ( Lesco, Rocky River, Ohio) at 5 g N m-2 in 2014 
### ISM-GreenView Fairway Formula Spring Fertilizer with Crabgrass Preventer (27-0-5) (Lebanon Seaboard Corporation, Lebanon, OH) at 4.5 g N m-2 in 
2014 and 2015, Meth-Ex® 40 (40-0-0, Lebanon Seaboard Corporation, Lebanon, OH) at 10 g N m-2 in 2014 and at 15.5 g N m-2 in 2015, and Urea (46-0-0) ( 
Lesco, Rocky River, Ohio) at 5.5 g N m-2 in 2014 
†††† MO- No additional fertilization 
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Table 1.2. Home lawn cultural and chemical applications for each management system for 2014 and 2015. 
 Treatment 
Cultural 
Practice 
 Organic 
High (OH) 
Organic 
Low (OL) 
Pesticide-free 
High (PFH) 
Pesticide-free 
Low (PFL) 
Calendar-
based (CAL) 
Integrated Pest 
Management (IPM) 
Integrated Systems 
Management (ISM) 
Mow only 
(MO) 
Weed control Corn gluten  
Corn 
gluten  
Corn gluten  None 
Scotts Step 
1† and Step 
2‡ 
 Scotts Step 1
† and Step 
2‡ 
None 
     Speed Zone
§ 
or T-Zone¶ 
Speed Zone§ or T-
Zone¶ 
Speed Zone§ or T-
Zone¶ 
 
Insect control 
Nemasys 
G# 
None Nemasys G# None 
Acelepryn 
G†† 
None Acelepryn G†† None 
Fertilization‡‡ 
15 g N m-2 
yr-2§§ 
5 g N m-2  
yr-2¶¶ 
15 g N m-2 yr-
2## 
5 g N m-2 yr-
2††† 
15 g N m-2 
yr-2‡‡‡ 
15 g N m-2 yr-2§§§ 15 g N m-2 yr-2¶¶¶ 0 g N m-2 yr-2### 
† Pendimethalin (13.18g m-2) in 2014 and 2015 
‡ 2,4-D, Mecoprop-p (14.16g m-2) in 2014 and 2015 
§ 2, 4-D, Mecoprop-p, Dicamba, Carfentrazone (0.5 ml m-2) in 2014 
¶ Triclopyr, Sulfentrazone, 2, 4-D, Dicamba (0.4 ml m-2) in 2015 
# Heterorhabditis bacteriophora (2.5 billion ha-1) in 2014 and 2015 
†† Chlorantraniliprole (56 kg ha-1) in 2014 and 2015 
‡‡ Fertilizers listed represent total source amounts applied for the year.  
§§ OH-Corn gluten (9-0-0) (Harrington's Organic Land Care, Bloomfield, CT) at 10 g N m-2 in 2014 and 2015, OS-Summer™ (6-0-3) (Harrington's Organic 
Land Care, Bloomfield, CT) at 5 g N m-2 in 2014, and OS-Green™ (11-0-0) (Harrington's Organic Land Care, Bloomfield, CT) at 5 g N m-2 in 2015  
¶¶ OL-Corn gluten (9-0-0) (Harrington's Organic Land Care, Bloomfield, CT) at 5 g N m-2 in 2014 and 2015 
## PFH-Corn gluten (9-0-0) (Harrington's Organic Land Care, Bloomfield, CT) at 10 g N m-2 in 2014 and 2015, and Harrell's Inc. Polyon (30-0-10, Lakeland, 
Florida) at 5 g N m-2 in 2014 and 2015  
††† PFL-Harrell's Inc. Polyon (30-0-10, Lakeland, Florida) at 5 g N m-2 in 2014 and 2015  
‡‡‡ CAL-STEP® 1 (27-0-7) (The Scotts Miracle-Gro Company, Marysville, OH) at 3.75 g N m-2 in 2014 and 2015, Scotts STEP® 2 (28-0-6) (The Scotts 
Miracle-Gro Company, Marysville, OH) at 4 g N m-2 in 2014 2015, Scotts STEP® 3 (32-0-4) (The Scotts Miracle-Gro Company, Marysville, OH) at 3.75 g N 
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m-2 in 2014 and 2015, Urea (46-0-0) ( Lesco, Rocky River, Ohio) at 3.5 g N m-2 in 2014, and Scotts STEP® 4 (32-0-12) (The Scotts Miracle-Gro Company, 
Marysville, OH) at 3.5 g N m-2 in 2015  
§§§ IPM-Harrell's Inc. Polyon (30-0-10, Lakeland, Florida) at 7.5 g N m-2 in 2014 and 2015, Urea (46-0-0) ( Lesco, Rocky River, Ohio) at 7.5 g N m-2 in 2014, 
and Meth-Ex® 40 (40-0-0, Lebanon Seaboard Corporation, Lebanon, OH) at 7.5 g N m-2 in 2015  
¶¶¶ ISM-STEP® 1 (27-0-7) (The Scotts Miracle-Gro Company, Marysville, OH) at 3.75 g N m-2 in 2014 and 2015, Meth-Ex® 40 (40-0-0, Lebanon Seaboard 
Corporation, Lebanon, OH) at 8.75 g N m-2 in 2014 and at 11.25 g N m-2 in 2015, and Urea (46-0-0) (Lesco, Rocky River, Ohio) at 2.5 g N m-2 in 2014  
### MO-No additional fertilization 
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Table 1.3. Effect of athletic field management regimes and seasons on turfgrass color† in 2014 and 2015. 
 
2014‡ 
 
2015‡ 
Treatment§ 
Across 
seasons 
Spring Summer Fall 
 
Across 
seasons 
Spring Summer Fall 
CAL 6.98 ab 6.75 7.00 ab 7.11 a  7.00 7.33 6.96 6.75 
IPM 6.54 b 6.75          7.22 a 5.72 b  7.21 7.92 7.04 6.92 
ISM 6.90 ab 6.75 6.61 bc 7.28 a  7.23 7.25 7.29 7.08 
OH 6.98 ab 6.83        6.78 abc 7.28 a  7.17 7.58 7.04 7.00 
OL 6.69 ab 6.75         6.67 bc       6.67 ab  7.08 7.50 6.96 6.92 
PFH 7.23 a 6.67         7.22 a 7.61 a  7.35 7.75 7.29 7.08 
PFL 6.83 ab 6.67 6.72 abc 7.06 a  7.15 7.58 7.04 6.92 
MO 5.98 c 5.92         6.33 c 5.67 b  6.73 6.50 6.92 6.58 
 ANOVA 
Variation Source      
    
   Treatment  ** NS * **  NS NS NS NS 
   Season  NS     **    
   Season × treatment NS      NS    
*, **, ***, and NS represent significance at P < 0.05, 0.01, 0.001, and not significant (P > 0.05), respectively. 
† Quality ratings: 1=dead and/or brown turf; 6=minimum acceptable quality; 9=optimum quality. 
‡ Means in column within years and seasons followed by the same letter are not significantly different according to Fisher's Protected Least 
Significant Difference (P < 0.05). 
§ CAL, calendar-based; IPM, integrated pest management; ISM, integrated systems management; OH, organic high; OL, organic low; PFH, 
pesticide-free high; PFL, pesticide-free low; MO, mow only (control treatment). 
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Table 1.4. Effect of athletic field management regimes and seasons on turfgrass quality† in 2014 and 2015. 
 
2014‡ 
 
2015‡ 
Treatment§ 
Across 
seasons 
Spring Summer Fall 
 
Across 
seasons 
Spring Summer Fall 
CAL 6.64  bc 6.50 7.17 6.39 ab  6.88 a 7.42 a 6.71 a 6.67 
IPM 6.81 ab 7.00 7.58     6.17 b  7.08 a 7.67 a 7.04 a 6.58 
ISM 6.88 ab 6.75 7.50 6.56 ab  6.93 a 7.80 a 6.67 ab 6.75 
OH          7.31 a 7.42 7.75 6.94 ab  7.06 a 7.17 a 7.13 a 6.83 
OL  6.95 ab 7.25 7.58 6.33 ab  6.88 a 7.08 a 6.79 a 6.83 
PFH          7.31 a 7.08 7.83 7.11 a  6.79 a 7.42 a 6.58 ab 6.58 
PFL       7.00 ab  7.08 7.58 6.56 ab  7.02 a 7.17 a 7.00 a 6.92 
MO          6.07 c  6.75 7.17 4.89 c  6.10 b 6.00 b 5.96 b 6.50 
 ANOVA 
Variation Source      
    
   Treatment  ** NS NS ***  ** * * NS 
   Season  ***     **    
   Season × treatment NS      NS    
*, **, ***, and NS represent significance at P < 0.05, 0.01, 0.001, and not significant (P > 0.05), respectively. 
† Quality ratings: 1=dead and/or brown turf; 6=minimum acceptable quality; 9=optimum quality. 
‡ Means in column within years and seasons followed by the same letter are not significantly different according to Fisher's Protected Least 
Significant Difference (P < 0.05). 
§ CAL, calendar-based; IPM, integrated pest management; ISM, integrated systems management; OH, organic high; OL, organic low; PFH, 
pesticide-free high; PFL, pesticide-free low; MO, mow only (control treatment). 
 
Table 1.5. Effect of athletic field management regimes and seasons on turfgrass density† in 2014 and 2015. 
 
2014‡ 
 
2015‡ 
Treatment§ 
Across 
seasons 
Spring Summer Fall 
 
Across 
seasons 
Spring Summer Fall 
 -----------------------------------------------------%----------------------------------------------------------- 
CAL 91.8 99.1 100.0 81.5  72.9 bc 81.5 72.7 64.8 c 
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IPM 91.0 100.0 100.0 79.0  76.4 ab 82.4 75.9 71.3 ab 
ISM 91.5 100.0 100.0 80.3  75.5 ab 84.3 73.2 71.3 ab 
OH 93.9 100.0 100.0 85.8  79.2 a 85.2 79.2 73.2 ab 
OL 92.1 100.0 100.0 81.5  77.3 ab 76.9 78.2 75.9 a 
PFH 91.8 99.1 100.0 81.5  76.6 ab 87.0 72.7 72.2 ab 
PFL 92.1 100.0 100.0 81.5  78.7 a 81.5 78.7 75.9 a 
MO 88.6 100.0 100.0 73.5  70.4  c 75.0 69.0 68.5 bc 
 ANOVA 
Variation Source      
    
   Treatment  NS NS NS NS  * NS NS * 
   Season  ***     ***    
   Season × treatment NS      NS    
*, **, ***, and NS represent significance at P < 0.05, 0.01, 0.001, and not significant (P > 0.05), respectively. 
† Qualitative turfgrass density was assessed visually on a 1 to 100 percent scale 
‡ Means in column within years and seasons followed by the same letter are not significantly different according to Fisher's Protected 
Least Significant Difference (P < 0.05). 
§ CAL, calendar-based; IPM, integrated pest management; ISM, integrated systems management; OH, organic high; OL, organic low; 
PFH, pesticide-free high; PFL, pesticide-free low; MO, mow only (control treatment). 
 
 
Table 1.6. Effect of athletic field management regimes and seasons on turfgrass percent weed cover† in 2014 and 2015. 
 
2014‡ 
 
2015‡ 
Treatment§ 
Across 
seasons 
Spring Summer Fall 
 
Across 
seasons 
Spring Summer Fall 
 ---------------------------------------------------------%---------------------------------------------------------- 
CAL 4.00 cb 1.00 4.50 b 5.67 c  3.50 e 3.00 d 3.25 d 4.50 e 
IPM 2.91 c 0.83 4.33 b 3.33 c  2.92 e 2.00 d 3.08 d 4.50 e 
ISM 4.05 cb 0.50 4.17 b 6.33 c  2.48 e 1.67 d 3.00 d 2.33 e 
OH 6.86 cb 0.67 4.00 b 12.89 cb  17.79 c 16.67 c 17.08 c 20.33 cd 
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OL 9.05 b 0.17 3.83 b 18.44 b  26.67 b 25.00 b 26.67 b 28.33 cb 
PFH 5.62 cb 1.17 4.00 b 9.67 cb  12.46 d 7.50 d 12.67 c 17.00 d 
PFL 9.29 b 1.00 5.17 b 17.56 b  25.29 b   22.83 cb 24.58 b 29.17 b 
MO 18.52 a 1.50 8.33 a 36.67 a  50.21 a 49.17 a 52.08 a 47.50 a 
 ANOVA 
Variation Source      
    
   Treatment  *** NS * ***  *** *** *** *** 
   Season  ***     NS    
   Season × treatment ***      NS    
*, **, ***, and NS represent significance at P < 0.05, 0.01, 0.001, and not significant (P > 0.05), respectively. 
† Weed cover was assessed visually on a 1 to 100 percent scale 
‡ Means in column within years and seasons followed by the same letter are not significantly different according to Fisher's Protected Least 
Significant Difference (P < 0.05). 
§ CAL, calendar-based; IPM, integrated pest management; ISM, integrated systems management; OH, organic high; OL, organic low; PFH, 
pesticide-free high; PFL, pesticide-free low; MO, mow only (control treatment). 
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Table 1.7. Effect of athletic field management regimes and seasons on 
surface hardness† in 2015. 
 
2015‡ 
Treatment§ Across seasons Spring Summer Fall 
 ---------------------g-max------------------------ 
CAL 73.9 51.6 69.5 109.2 
IPM 73.3 55.3 67.4 108.8 
ISM 76.3 54.1 69.7 118.4 
OH 73.0 49.9 67.0 114.2 
OL 71.6 52.1 65.9 108.1 
PFH 71.7 53.1 63.9 113.7 
PFL 69.7 51.9 65.4 100.3 
MO 72.1 51.6 67.1 107.7 
 ANOVA 
Variation Source     
   Treatment  NS NS NS NS 
   Season  ***    
   Season × treatment NS    
*, **, ***, and NS represent significance at P < 0.05, 0.01, 0.001, and not 
significant (P > 0.05), respectively. 
† Surface hardness was measured using a 2.25 kg Clegg impact hammer 
‡ Means in column within years and seasons followed by the same letter are not 
significantly different according to Fisher's Protected Least Significant 
Difference (P < 0.05). 
§ CAL, calendar-based; IPM, integrated pest management; ISM, integrated 
systems management; OH, organic high; OL, organic low; PFH, pesticide-free 
high; PFL, pesticide-free low; MO, mow only (control treatment). 
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Table 1.8. Effect of athletic field management regimes and seasons on dark 
green color index (DGCI)† values in 2015. 
 
2015‡ 
Treatment§ Across seasons Spring Summer Fall 
CAL 0.73 ab 0.83 a 0.68 a 0.73 
IPM             0.72 abc 0.80 ab 0.67 abc 0.76 
ISM      0.74 a 0.82 a 0.68 ab 0.76 
OH 0.71 c 0.78 c 0.66 c  0.76 
OL 0.71 c 0.79 bc 0.66 c  0.75 
PFH 0.72 bc 0.79 bc 0.67 ab 0.74 
PFL 0.71 c 0.79 bc 0.65 c 0.74 
MO 0.71 c 0.79 bc 0.66 bc 0.74 
 ANOVA 
Variation Source     
   Treatment  ** *** * NS 
   Season  ***    
   Season × treatment NS    
*, **, ***, and NS represent significance at P < 0.05, 0.01, 0.001, and not significant (P 
> 0.05), respectively. 
† Dark green color index (DGCI); the greater the number the darker the color green 
‡ Means in column within years and seasons followed by the same letter are not 
significantly different according to Fisher's Protected Least Significant Difference (P < 
0.05). 
§ CAL, calendar-based; IPM, integrated pest management; ISM, integrated systems 
management; OH, organic high; OL, organic low; PFH, pesticide-free high; PFL, 
pesticide-free low; MO, mow only (control treatment). 
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Table 1.9. Effect of athletic field management regimes and seasons on percent 
green cover† in 2015. 
 
2015‡ 
Treatment§ 
Across 
seasons 
Spring Summer Fall 
 ------------------------------% ----------------------------- 
CAL 83.93 cd 81.37 b 85.29 84.84 
IPM 86.89 ab 87.42 ab 88.97 83.89 
ISM 86.90 ab 82.83 b 88.71 88.69 
OH 88.68 a 90.72 a 89.60 85.92 
OL 86.17 ac 87.97 ab 84.58 86.23 
PFH 87.99 a 90.06 a 87.19 86.57 
PFL 86.04 abc 89.06 ab 85.49 83.95 
MO 81.90 bd 83.60 ab 79.37 83.22 
 ANOVA 
Variation Source     
   Treatment  *** *** NS NS 
   Season NS    
   Season × treatment NS    
   Percent weed cover * NS NS NS 
*, **, ***, and NS represent significance at P < 0.05, 0.01, 0.001, and not significant (P > 
0.05), respectively. 
† Percent cover was determined using Sigma Scan software (Cranes Software 
International Limited, 1991): number of green pixels divided by total number of pixels. 
‡ Means in column within years and seasons followed by the same letter are not 
significantly different according to Fisher's Protected Least Significant Difference (P < 
0.05). 
§ CAL, calendar-based; IPM, integrated pest management; ISM, integrated systems 
management; OH, organic high; OL, organic low; PFH, pesticide-free high; PFL, 
pesticide-free low; MO, mow only (control treatment). 
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Table 1.10. Effect of athletic field management regimes and seasons on the desirable 
species index† in 2015. 
 
2015‡ 
Treatment§ 
Across 
seasons 
Spring Summer Fall 
CAL 3.5 ab 4.0 ab 3.4 ab 3.0 ab 
IPM 3.6 a 4.4 a 3.7 a 2.6 ab 
ISM 3.6 a 4.1 ab 3.5 ab 3.1 a 
OH 3.5 ab 4.0 ab 3.5 ab 3.0 ab 
OL 3.0 c 3.6 b 3.0 b 2.4 b 
PFH 3.6 a 4.2 ab 3.4 ab 3.1 ab 
PFL 3.1 bc 3.7 ab 3.2 ab 2.6 ab 
MO 1.8 d 2.3 c 1.9 c 1.3 c 
 ANOVA 
Variation Source     
   Treatment  *** ** ** *** 
   Season  ***    
   Season × treatment NS    
*, **, ***, and NS represent significance at P < 0.05, 0.01, 0.001, and not significant (P > 
0.05), respectively. 
† The desirable species index was specified as (mean visual color × mean visual quality × 
mean visual density × [100-mean percent visual weed cover]/10,000), whereby 100–mean 
percent visual weed cover is a penalty for more weeds.  Higher index numbers imply high 
playing surface quality. 
‡ Means in column within years and seasons followed by the same letter are not 
significantly (P < 0.05) different according to Fisher’s protected LSD at α = 0.5.  
§ CAL, calendar-based; IPM, integrated pest management; ISM, integrated systems 
management; OH, organic high; OL, organic low; PFH, pesticide-free high; PFL, 
pesticide-free low; MO, mow only (control treatment). 
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Table 1.11. Effect of home lawn management regimes and seasons on turfgrass color† in 2014 and 2015. 
 
2014‡ 
 
2015‡ 
Treatment§ Across seasons Spring Summer Fall  Across seasons Spring Summer Fall 
CAL 7.19 a 6.83 ab 7.50 a 7.11 a  7.06 ab 6.92 bc 7.08 7.17 
IPM 6.65 bc 7.00 ab 7.06 ab 6.00 b  7.31 a 7.83 a 7.13 7.17 
ISM 6.96 ab 6.83 ab 6.83 b 7.17 a  7.19 ab 7.25 abc 7.21 7.08 
OH 6.98 ab 7.67 a 6.94 b 6.56 ab  7.29 a 7.50 abc 7.38 6.92 
OL 6.54 c 6.83 b 6.78 b 6.11 b  7.10 ab 6.83bc 7.33 6.92 
PFH 7.15 a 7.50 ab 6.89 b 7.17 a  7.19 ab 7.58 ab 7.21 6.75 
PFL 6.46 c 6.75 b 6.78 b 5.94 b  6.98 bc 6.75 c 7.13 6.92 
MO 5.9 d 6.08 c 5.67 c 6.00 b  6.77 c 5.83 d 7.13 7.00 
 ANOVA 
Variation Source      
    
   Treatment  *** * *** ***  *** *** NS NS 
   Season  **     *    
   Season × treatment **      ***    
*, **, ***, and NS represent significance at P < 0.05, 0.01, 0.001, and not significant (P > 0.05), respectively. 
† Quality ratings: 1, dead and/or brown turf; 6, minimum acceptable quality; 9, optimum quality. 
‡ Means in column within years and seasons followed by the same letter are not significantly different according to Fisher's Protected Least 
Significant Difference (P < 0.05). 
§ CAL, calendar-based; IPM, integrated pest management; ISM, integrated systems management; OH, organic high; OL, organic low; PFH, pesticide-
free high; PFL, pesticide-free low; MO, mow only (control treatment). 
Table 1.12. Effect of home lawn management regimes and seasons on turfgrass quality† in 2014 and 2015. 
 
2014‡ 
 
2015‡ 
Treatment§ Across seasons Spring Summer Fall  Across seasons Spring Summer Fall 
CAL 7.71 a 6.67 8.25 a 8.06 ab  7.71 a 7.75 a 7.83 ab 7.42 a 
IPM 7.10 bc 6.33 8.00 ab 7.00 cde  7.67 ab 7.83 a 7.79 ab 7.25 ab 
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ISM 7.64 a 7.00 7.58 c   8.11 a  7.85 a 7.83 a 8.04 a 7.50 a 
OH 7.43 ab 7.08 8.00 ab 7.28 bcd  7.33 c 7.08 bc 7.58 b 7.08 b 
OL 6.69 cd 6.50 7.50 c 6.28 e  6.94 d 6.42 de 7.17 c 7.00 b 
PFH 7.55 ab 6.75 8.00 ab 7.78 abc  7.46 bc 7.50 ab 7.63 b 7.08 b 
PFL 6.79 cd 6.17 7.67 bc 6.61 de  7.04 d 6.83 cd 7.17 c 7.00 b 
MO 6.50 d 6.00 7.42 c 6.22 e  6.67 e 6.17 e 6.75 d 7.00 b 
 ANOVA 
Variation Source     
    
   Treatment  *** NS *** ***  *** *** *** *** 
   Season  ***     ***    
   Season × treatment NS      **    
*, **, ***, and NS represent significance at P < 0.05, 0.01, 0.001, and not significant (P > 0.05), respectively. 
† Quality ratings: 1, dead and/or brown turf; 6, minimum acceptable quality; 9, optimum quality. 
‡ Means in column within years and seasons followed by the same letter are not significantly different according to Fisher's Protected Least 
Significant Difference (P < 0.05). 
§ CAL, calendar-based; IPM, integrated pest management; ISM, integrated systems management; OH, organic high; OL, organic low; PFH, 
pesticide-free high; PFL, pesticide-free low; MO, mow only (control treatment). 
 
Table 1.13. Effect of home lawn management regimes and seasons on turfgrass density† in 2014 and 2015. 
 
2014‡ 
 
2015‡ 
Treatment§ Across seasons Spring Summer Fall  Across seasons Spring Summer Fall 
 ------------------------------------------------------------%------------------------------------------------------------------- 
CAL 97.62 100.00 98.15 95.68  85.65 ab 83.33 87.96 a 83.33 a 
IPM 95.50 100.00 97.22 91.36  86.11 ab 84.26 88.43 a 83.33 a 
ISM 97.88 100.00 98.15 96.30        86.81 a 85.19 89.35 a 83.33 a 
OH 96.56 100.00 98.15 93.21  83.80 abc 83.33  86.11 abc 79.63 bc 
OL 94.71 100.00 96.30 90.12       79.86 d 77.78 81.94 c 77.78 c 
PFH 96.30 100.00 98.15 92.59  83.10 bcd 79.63 87.50 ab 77.78 c 
PFL 96.30 100.00 98.15 92.59       82.18 cd 81.48 82.87 bc 81.48 ab 
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MO 94.71 100.00 96.30 90.12       74.31 e 78.70 72.22 d 74.07 d 
 ANOVA 
Variation Source      
    
   Treatment  NS NS NS NS  *** NS *** *** 
   Season  ***     ***    
   Season × treatment NS      NS    
*, **, ***, and NS represent significance at P < 0.05, 0.01, 0.001, and not significant (P > 0.05), respectively. 
† Qualitative turfgrass density was assessed visually on a 1 to 100 percent scale 
‡ Means in column within years and seasons followed by the same letter are not significantly different according to Fisher's Protected Least 
Significant Difference (P < 0.05). 
§ CAL, calendar-based; IPM, integrated pest management; ISM, integrated systems management; OH, organic high; OL, organic low; PFH, 
pesticide-free high; PFL, pesticide-free low; MO, mow only (control treatment). 
 
Table 1.14. Effect of home lawn management regimes and seasons on turfgrass percent weed cover† in 2014 and 2015. 
 
2014‡ 
 
2015‡ 
Treatment§ Across seasons Spring Summer Fall  Across seasons Spring Summer Fall 
 ----------------------------------------------------------%-------------------------------------------------------------- 
CAL 1.5 c 1.3 1.7 c 1.4 c  1.5 e 0.5 c 1.9 e 1.8 d 
IPM 2.2 c 1.0 2.3 c 2.9 c  2.2 e 1.3 c 2.4 e 2.7 d 
ISM 2.0 c 0.8 2.7 bc 2.2 c  1.8 e 1.0 c 2.1 e 2.0 d 
OH 4.8 c 0.7 2.2 c 9.2 c  17.7 d 10.3 cd 17.7 d 25.0 c 
OL 12.0 cb 1.3 5.2 ab 23.7 ab  47.2 b 28.7 a 47.9 b 64.2 a 
PFH 5.0 c 1.0 1.8 c 9.7 c  14.6 d 9.0 cd 13.8 d 21.7 c 
PFL 6.7 bc 0.8 3.8 bc 12.6 bc  28.8 c 14.5 b 32.8 c 35.0 b 
MO 14.8 a 1.2 7.3 a 28.8 a  58.5 a 35.8 a 62.5 a 73.3 a 
 ANOVA 
Variation Source      
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   Treatment  *** NS *** ***  *** *** *** *** 
   Season  ***     ***    
   Season × treatment **      ***    
*, **, ***, and NS represent significance at P < 0.05, 0.01, 0.001, and not significant (P > 0.05), respectively. 
† Weed cover was assessed visually on a 1 to 100 percent scale 
‡ Means in column within years and seasons followed by the same letter are not significantly different according to Fisher's Protected Least Significant 
Difference (P < 0.05). 
§ CAL, calendar-based; IPM, integrated pest management; ISM, integrated systems management; OH, organic high; OL, organic low; PFH, pesticide-
free high; PFL, pesticide-free low; MO, mow only (control treatment). 
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Table 1.15. Effect of home lawn management regimes and 
seasons on dark green color index (DGCI)† values in 2015. 
 
2015‡ 
Treatment§ 
Across 
seasons 
Spring Summer Fall 
CAL 0.67 0.75 0.62 0.70 
IPM 0.66 0.75 0.61 0.68 
ISM 0.67 0.75 0.61 0.70 
OH 0.67 0.75 0.61 0.69 
OL 0.66 0.73 0.61 0.70 
PFH 0.66 0.75 0.61 0.69 
PFL 0.66 0.73 0.61 0.68 
MO 0.66 0.73 0.61 0.70 
 ANOVA 
Variation Source     
   Treatment  NS NS NS NS 
   Season  ***    
   Season × treatment NS    
*, **, ***, and NS represent significance at P < 0.05, 0.01, 0.001, and 
not significant (P > 0.05), respectively. 
† Dark green color index (DGCI); the greater the number the darker the 
color green 
‡ Means in column within years and seasons followed by the same letter 
are not significantly different according to Fisher's Protected Least 
Significant Difference (P < 0.05). 
§ CAL, calendar-based; IPM, integrated pest management; ISM, 
integrated systems management; OH, organic high; OL, organic low; 
PFH, pesticide-free high; PFL, pesticide-free low; MO, mow only 
(control treatment). 
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Table 1.16. Effect of home lawn management regimes and seasons on percent green 
cover† in 2015.  
 2015
‡ 
Treatment§ Across seasons Spring Summer Fall 
 ------------------------------%---------------------------- 
CAL 85.01 87.53 84.85 83.55 
IPM 86.72 89.24 86.65 85.16 
ISM 85.74 88.04 85.97 84.11 
OH 86.43 89.66 86.06 83.86 
OL 85.88 90.01 82.93 83.71 
PFH 85.93 90.93 85.80 81.56 
PFL 85.60 87.10 84.07 84.93 
MO 86.57 90.47 81.61 85.84 
 ANOVA 
Variation Source     
   Treatment  NS NS NS NS 
   Season  ***    
   Season × treatment NS    
   Percent weed cover NS NS NS NS 
*, **, ***, and NS represent significance at P < 0.05, 0.01, 0.001, and not significant (P > 
0.05), respectively. 
† Percent cover was determined using Sigma Scan software (Cranes Software International 
Limited, 1991): number of green pixels divided by total number of pixels. 
‡ Means in column within years and seasons followed by the same letter are not significantly 
different according to Fisher's Protected Least Significant Difference (P < 0.05). 
§ CAL, calendar-based; IPM, integrated pest management; ISM, integrated systems 
management; OH, organic high; OL, organic low; PFH, pesticide-free high; PFL, pesticide-
free low; MO, mow only (control treatment). 
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Table 1.17. Effect of home lawn management regimes and seasons on the desirable 
species index† in 2015.  
 
2015‡ 
Treatment§ 
Across 
seasons 
Spring Summer Fall 
CAL 4.40 a 4.05 a 4.68 a 4.47 a 
IPM 4.11 b 4.31 a 4.48 a 3.55 b 
ISM 4.44 a 4.32 a 4.51 a 4.51 a 
OH 3.78 c 4.19 a 3.94 b 3.22 b 
OL 2.56 e 3.02 b 2.68 d 1.96 d 
PFH 3.90 b 4.13 a 4.05 b 3.52 b 
PFL 3.03 d 3.31 b 3.12 c 2.67 c 
MO 1.97 f 2.38 c 1.84 e 1.68 d 
 ANOVA 
Variation Source     
   Treatment  *** *** *** *** 
   Season  ***    
   Season × treatment ***    
*, **, ***, and NS represent significance at P < 0.05, 0.01, 0.001, and not significant (P > 
0.05), respectively. 
† The desirable species index was specified as (mean visual color × mean visual quality × 
mean visual density × [100-mean percent visual weed cover]/10,000), whereby 100–mean 
percent visual weed cover is a penalty for more weeds.  Higher index numbers imply 
better athletic field scores. 
‡ Means in column within years and seasons followed by the same letter are not 
significantly (P < 0.05) different according to Fisher’s protected LSD at α = 0.5. 
§ CAL, calendar-based; IPM, integrated pest management; ISM, integrated systems 
management; OH, organic high; OL, organic low; PFH, pesticide-free high; PFL, 
pesticide-free low; MO, mow only (control treatment). 
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Table 1.18. Effect of athletic field and home lawn management regimes on soil pH† in 2014, 2015, 2016, and 
across years.    
  Overall Comparison - Athletic Fields‡  Overall Comparison - Home Lawns
‡ 
Treatment§ Across years 2014 2015 2016  Across years 2014 2015 2016 
CAL 5.9 c 6.0 5.6 6.0 b  5.7 5.6 5.5 6.0 
IPM 6.1 a 6.1 5.9 6.2 a  5.7 5.6 5.6 6.0 
ISM 6.0 ab 6.1 5.8 6.2 a  5.7 5.6 5.6 6.0 
OH 6.0 abc 6.0 5.9 6.1 ab  5.8 5.6 5.8 6.0 
OL 5.9 c 5.8 5.7 6.1 ab  5.7 5.6 5.7 6.0 
PFH 6.1 ab 6.1 6.0 6.1 ab  5.8 5.5 5.9 6.0 
PFL 6.0 abc 6.1 5.8 6.0 b  5.7 5.5 5.0 6.0 
MO 5.9 bc 5.9 5.9 6.1 ab  5.7 5.6 5.6 6.0 
 ANOVA 
Variation Source      
    
   Treatment  * NS NS **  NS NS NS NS 
   Year ***     ***    
   Year × treatment NS      NS    
*, **, ***, and NS represent significance at P < 0.05, 0.01, 0.001, and not significant (P > 0.05), respectively. 
† Comparison is based on 2014 (initial), 2015, and 2016 (end) soil tests conducted the University of Connecticut, 
Department of Plant Science Soil Nutrient Analysis Laboratory using (modified) Morgan soil test method (University of 
Delaware, 2001). 
‡ Means in column within years and seasons followed by the same letter are not significantly different according to 
Fisher's Protected Least Significant Difference (P < 0.05). 
§ CAL, calendar-based; IPM, integrated pest management; ISM, integrated systems management; OH, organic high; OL, 
organic low; PFH, pesticide-free high; PFL, pesticide-free low; MO, mow only (control treatment). 
 
Table 1.19. Effect of athletic field and home lawn management regimes on extractable calcium† in 2014, 2015, 
2016, and across years.    
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  Overall Comparison - Athletic Fields‡  Overall Comparison - Home Lawns
‡ 
Treatment§ 
Across 
years 
2014 2015 2016 
 
Across years 2014 2015 2016 
 --------------------------------------------kg ha-1--------------------------------------------------- 
CAL 2374 cd 2417 2519 2187  1847 ab 1865 1907 1770 
IPM 2894 a 2840 2966 2875  1807 ab 1782 1888 1752 
ISM 2607 bc 2650 2633 2601       1873 a 1911 1942 1764 
OH 2626 ab 2586 2737 2491  1812 ab 1868 1917 1651 
OL 2336 d 2282 2319 2408  1641 c 1685 1703 1536 
PFH 2656 ab 2699 2719 2550  1636 c 1689 1709 1511 
PFL 2575 bcd 2803 2753 2169  1737 bc 1799 1777 1638 
MO 2516 bcd 2348 2569 2632  1779 ab 1790 1847 1699 
 ANOVA 
Variation Source      
    
   Treatment  ** NS NS NS  ** NS NS NS 
   Year NS     ***    
   Year × treatment NS      NS    
*, **, ***, and NS represent significance at P < 0.05, 0.01, 0.001, and not significant (P > 0.05), respectively. 
† Comparison is based on 2014 (initial), 2015, and 2016 (end) soil tests conducted the University of Connecticut, 
Department of Plant Science Soil Nutrient Analysis Laboratory using (modified) Morgan soil test method (University of 
Delaware, 2001). 
‡ Means in column within years and seasons followed by the same letter are not significantly different according to 
Fisher's Protected Least Significant Difference (P < 0.05). 
§ CAL, calendar-based; IPM, integrated pest management; ISM, integrated systems management; OH, organic high; OL, 
organic low; PFH, pesticide-free high; PFL, pesticide-free low; MO, mow only (control treatment). 
 
 Table 1.20. Effect of athletic field and home lawn management regimes on extractable magnesium† in 
2014, 2015, 2016, and across years.    
  Overall Comparison - Athletic Fields‡  Overall Comparison - Home Lawns
‡ 
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Treatment§ 
Across 
years 
2014 2015 2016 
 
Across years 2014 2015 2016 
 ----------------------------------------------kg ha-1------------------------------------------------- 
CAL 249 c 250 262   235 d  278 275 281 280 
IPM 278 ab 284 289 261 abcd  242 244 251 231 
ISM 282 a 288 289   271 abc  288 280 285 299 
OH 288 a 281 296   288 a  251 260 271 222 
OL 276 ab 272 280   275 abc  239 232 244 239 
PFH 262 bc 268 271   247 cd  241 240 250 233 
PFL 276 ab 287 286   257 bcd  296 256 365 266 
MO 275 ab 263 279   282 ab  250 252 261 239 
 ANOVA 
Variation Source      
    
   Treatment  ** NS NS *  NS NS NS NS 
   Year *     NS    
   Year × treatment NS      NS    
*, **, ***, and NS represent significance at P < 0.05, 0.01, 0.001, and not significant (P > 0.05), respectively. 
† Comparison is based on 2014 (initial), 2015, and 2016 (end) soil tests conducted the University of Connecticut, 
Department of Plant Science Soil Nutrient Analysis Laboratory using (modified) Morgan soil test method (University of 
Delaware, 2001). 
‡ Means in column within years and seasons followed by the same letter are not significantly different according to 
Fisher's Protected Least Significant Difference (P < 0.05). 
§ CAL, calendar-based; IPM, integrated pest management; ISM, integrated systems management; OH, organic high; OL, 
organic low; PFH, pesticide-free high; PFL, pesticide-free low; MO, mow only (control treatment). 
Table 1.21. Effect of athletic field and home lawn management regimes on extractable phosphorus† in 2014, 
2015, 2016, and across years.    
  
Overall Comparison - Athletic 
Fields‡  
Overall Comparison - Home Lawns‡ 
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Treatment§ 
Across 
years 
2014 2015 2016 
 
Across years 2014 2015 2016 
 -------------------------------------------kg ha-1------------------------------------------------ 
CAL 18.3 27.2 16.0 11.5  7.1 9.8 6.7 4.8 
IPM 32.4 41.1 23.2 32.8  7.2 8.6 7.1 5.9 
ISM 16.5 17.9 11.2 20.2  7.8 10.9 6.7 5.9 
OH 18.2 25.8 14.2 14.6  7.6 10.4 7.5 4.8 
OL 11.1 12.3 10.1 10.9  7.1 9.0 7.1 5.3 
PFH 21.0 28.8 16.8 17.1  6.8 9.3 5.9 5.3 
PFL 19.8 32.2 17.9 9.3  7.5 10.9 5.9 5.6 
MO 15.8 16.0 12.7 18.7  7.2 9.0 7.1 5.6 
 ANOVA 
Variation Source     
    
   Treatment  NS NS NS NS  NS NS NS NS 
   Year *     ***    
   Year × treatment NS      NS    
*, **, ***, and NS represent significance at P < 0.05, 0.01, 0.001, and not significant (P > 0.05), respectively. 
† Comparison is based on 2014 (initial), 2015, and 2016 (end) soil tests conducted the University of Connecticut, 
Department of Plant Science Soil Nutrient Analysis Laboratory using (modified) Morgan soil test method (University of 
Delaware, 2001). 
‡ Means in column within years and seasons followed by the same letter are not significantly different according to 
Fisher's Protected Least Significant Difference (P < 0.05). 
§ CAL, calendar-based; IPM, integrated pest management; ISM, integrated systems management; OH, organic high; 
OL, organic low; PFH, pesticide-free high; PFL, pesticide-free low; MO, mow only (control treatment). 
 
 
Table 1.22. Effect of athletic field and home lawn management regimes on extractable potassium† in 2014, 2015, 
2016, and across years.    
  
Overall Comparison - Athletic 
Fields‡  
Overall Comparison - Home Lawns‡ 
 69 
 
Treatment§ Across years 2014 2015 2016  Across years 2014 2015 2016 
 ----------------------------------------------kg ha-1--------------------------------------------------- 
CAL 306 286 316 317  369 ab 423 335 347 ab 
IPM 312 288 289 358  353 abc 373 335 350 ab 
ISM 300 315 285 300  373 a 417 351        352 a 
OH 316 307 335 306  359 abc 410 351    314 bcd 
OL 346 368 367 305  340 c 372 341 307 cd 
PFH 310 277 328 327  338 c 412 302        303 d 
PFL 359 380 365 330  350 bc 381 325    343 abc 
MO 319 313 307 340  352 abc 381 333     341 abc 
 ANOVA 
Variation Source     
    
   Treatment  NS NS NS NS  * NS NS * 
   Year NS     ***    
   Year × treatment NS      NS    
*, **, ***, and NS represent significance at P < 0.05, 0.01, 0.001, and not significant (P > 0.05), respectively. 
† Comparison is based on 2014 (initial), 2015, and 2016 (end) soil tests conducted the University of Connecticut, Department of 
Plant Science Soil Nutrient Analysis Laboratory using (modified) Morgan soil test method (University of Delaware, 2001). 
‡ Means in column within years and seasons followed by the same letter are not significantly different according to Fisher's 
Protected Least Significant Difference (P < 0.05). 
§ CAL, calendar-based; IPM, integrated pest management; ISM, integrated systems management; OH, organic high; OL, 
organic low; PFH, pesticide-free high; PFL, pesticide-free low; MO, mow only (control treatment). 
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Chapter 2: Seasonal, Fertilizer Formulation, and Varying Nitrogen Rate Effects on Color, 
Quality, and Cover of Kentucky Bluegrass Managed as a Home Lawn 
 
Pesticide and fertilizer usage throughout the United States of America is coming under 
increased scrutiny from both the public and scientific communities due to potential negative 
environmental impacts and perceived health concerns (Bradman and Whyatt, 2005; Koleva and 
Schneider, 2009; Sutton et al., 2011; Zhang et al., 2015). Over the past few years, concerns about 
the contribution of nitrogen (N) and phosphorus (P) fertilizers to environmental problems, such 
as soluble N and P pollution of waters and the release of nitrous oxide, a greenhouse gas, from N 
fertilization have been the subject of particular interest (Smith et al., 2006; Havlin et al., 2014). 
This is especially true in areas of the country with an abundance of surface waters, such as 
Connecticut (CT), Minnesota and Wisconsin.  Connecticut borders the Long Island Sound while 
also having numerous ponds, lakes, streams, and rivers.   
Each year an estimated 13 million tons of N fertilizer are applied in the United States 
(USDA-ERS, 2011).  While the vast majority of fertilizer is used for agricultural purposes, 
suburban landscapes also contribute to fertilizer use. Currently, there are no routine soil or plant 
tissue tests used to guide N fertilization of turf.  Typically, homeowners are given general N 
recommendations with minimal attention to appropriate forms of N or application timing, 
without regard for site-specific conditions. Improper application techniques can lead to 
inefficient use of nutrients and N loss via volatilization, runoff, and/or leaching.  Excess N can 
lead to a number of environmental problems such as contaminated drinking water and 
eutrophication of estuaries near coastal waters (Nolan et al., 1997). 
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Turf areas, such as home lawns, athletic fields, golf courses, and parks, are often the most 
intensively managed part of any urban landscape (King et al., 2007).  Inputs of fertilizers and 
frequent irrigation to maintain turf systems have led to a perception that turf systems are a major 
contributor to nonpoint source water pollution (Beverly et al., 1997).  However, when N and P 
fertilizers are applied responsibly to these areas, they can enhance turf growth and quality while 
minimizing the potential for pollution to the environment (Snyder et al., 1984; Engelsjord and 
Singh, 1997; Barton and Colmer, 2006).   
A number of studies confirm that N fertilizer use efficiency can range from 25 % to 99 % 
depending on factors such as: turfgrass species, fertilizer formulation, fertilizer rate, and soil type 
(Bowman et al., 2002; Pare et al., 2006; Trenholm et al., 1998; Petrovic, 1990). Previous studies 
have examined the relationship between various formulations of N, excessive N and N leaching 
in turfgrass (Brown et al., 1977; Starr and DeRoo, 1981; Morton et al., 1988; Gold, 1990; 
Mancino and Troll, 1990; Geron et al., 1993; Miltner et al., 1996; Engelsjord and Singh, 1997; 
Easton and Petrovic, 2004; Guillard and Kopp, 2004; Frank et al., 2006; Pare et al., 2006; 
Shaddox et al., 2016).  
Heckman et al. (2000) found slow release N formulations may reduce overall clipping 
yields when compared to fast release formulations with no reduction in quality. However, in a 
study by Cisar et al. (2001) it was reported there was no differences found between control 
release sources applied every three months on turfgrass quality or clipping yield when overall 
equivalent rates of soluble N fertilizer was applied monthly to hybrid bermudagrass (Cynodon 
spp.) plots.  Trenholm and Unruh (2005) found no differences in turfgrass quality when using N 
sources that contained organic or inorganic fertilizers.  Guillard and Kopp (2004) measured N 
leaching losses on a mixed lawn in New England with varying N fertilizer sources. Leaching 
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losses were greater when N sources contained smaller amounts of slow release N.  These 
findings suggest in order to minimize N loss, fertilizers should contain a higher fraction of slow 
release N. 
There are several sources and mechanisms for slowing the release of N from urea, 
fertilizer, which is highly soluble in water. These have been developed in an attempt to better 
match the availability of N from fertilizers with plant uptake.   Slow release technologies such as 
polymer and sulfur coatings create a physical barrier to release of the N. Methylene ureas are a 
more complex molecule of urea and slows the hydrolysis of urea. These technologies were 
developed to increase efficiency, reduce labor costs, and reduce loss of N.  Organic fertilizers 
also provide a variable amount of immediately available N as they must go through the 
mineralization process before N is available to the plant. Varying soil characteristics have also 
been known to influence nutrient losses from turfgrass areas. For example coarse-textured soils, 
such as those found in CT, can be more vulnerable to N loss due to its influences on infiltration, 
denitrification, and NH4–N retention (Petrovic, 1990).   
Slow release N formulations can improve N use and effectiveness by lowering the 
amount of usable N available to the turfgrass in the soil solution at a given time (Torello et al., 
1983; Knight Huckaby et al., 2012).  This helps reduce N leaching.  However, the amount of N 
required to maximize turfgrass quality and performance over a season is not well understood. 
Even when using slow release forms of N, excessive applications of N may still lead to N 
leaching, as slowing the release of N does not improve N efficiency (Guertal and Howe, 2012).  
Instead, the slow release N simply delays the time when the N is leached below the root zone at a 
greater cost. Therefore, the objective of this research was to identify the best combination of 
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slow release N form and N rate to provide the most consistent turfgrass response (i.e., color, 
quality, and percent cover) across the growing season while minimizing the total N applied.  
 
Materials and Methods 
The research was conducted on mature stand of Kentucky bluegrass (Poa pratensis L., 
KBG), a turfgrass species used extensively for home lawns in the Northeast.  The soil type was a 
Paxton fine-sandy loam (coarse-loamy, mixed, active, mesic Oxyaquic Dystrudepts) located at 
the University of Connecticut Plant Science Research and Education Facility in Storrs, CT 
(latitude = 41.796277 and longitude = -72.229262). The study was designed as a 7 × 4 factorial 
arranged in a randomized complete block design with three replications. Seven N sources 
representing fast and slow release formulations with varying solubility were applied at 5 to 20 g 
N m-2 per year.   Untreated control plots were also included within each replication.  The first 
factor in the study was fertilizer source and contained seven levels of N fertilizers varying in 
solubility (Table 2.1).  N fertilizers were selected to maximize variation in source and solubility.  
The second factor was total N applied for the growing season.  Plots received either 0, 5, 
10, 15, or 20 g N m-2 across the growing season.  N was applied at 5 g N m-2 on each application 
date (Table 2.1).  Each plot measured 1.8 m by 1.8 m and was mowed twice weekly at 7.6 cm 
with a zero-turn rotary mower (Scag Power Equipment, Mayville, WI) with the clippings 
returned.   
 
Fertilizer Application  
Fertilizers used in this study had varying levels of N solubility that can be grouped into 
slow and fast release categories (Table 2.1). The slow release fertilizers included: Agway Corn 
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Gluten (CGM) (9-0-0 ) (DeWitt, New York) , 100 % being slowly available N, Harrell's Inc. 
Polyon (PLY) (30-0-10) (Lakeland, Florida), 60 % slowly available N, Lebanon Turf MESA 
(MES) (30-0-0) (Lebanon, PA), 57 % slowly available N, Shaw's Turf food (STF) (30-0-6) 
(Knox Fertilizer Co., Knox, Indiana) 50 % slowly available N, Lesco Professional Turf Fertilizer 
(LTF) (25-0-6) (Rocky River, Ohio) 45 % slowly available N, and Scotts Turf Builder (STB) 
(32-0-4) (The Scotts Miracle-Gro Company, Marysville, Ohio) with 28 % slowly available N.  
The fast release fertilizer was Lesco Professional Turf Urea (URA) (46-0-0) (Rocky River, 
Ohio), and did not contain any slow release nitrogen.  A non-fertilized control (CTL) was 
included.  Application dates and sources of N for each fertilizer can be found in Table 2.1. 
Muriate of Potash (0-0-61) (Loveland Products Inc., Greeley, Colorado) was applied at each 
treatment application along with each fertilizer at a rate equivalent to the PLY (30-0-10) 
treatment.  Treatments were applied using a hand-held shaker and were watered in immediately 
after application or timed with a rain event.  Irrigation was applied only to prevent drought stress 
when needed throughout the season.   
 
Data Collection 
Digital Image Analysis (DIA) was used to assess turfgrass color and cover (Richardson et 
al., 2001).  Digital images were taken once a month under controlled light conditions provided 
by a specially designed internally lighted box, which excludes ambient light. The images were 
then scanned via Sigma Scan Software (Cranes Software International Limited, 1991) using the 
following threshold values: hue 45 to 110 and saturation 0 to 100.  Dark Green Color Index 
(DGCI) was calculated based on hue, saturation and brightness values (Karcher and Richardson, 
2003).  Percent cover was calculated based on the amount of green vegetation detected from the 
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images. Normalized difference vegetative index (NDVI) readings (average of nine readings per 
plot) were taken monthly by using a Spectrum TCM 500 NDVI Meter (Spectrum Technologies, 
Inc., Aurora, IL).  Qualitative color and quality ratings were collected on a biweekly schedule 
using a 1 to 9 rating scale: where 9 = dark green turfgrass, 6 = acceptable medium green 
turfgrass, and 1 = brown turfgrass for color and 9 = outstanding turfgrass, 6 = acceptable 
turfgrass and 1 = dead turfgrass for quality, respectively.  Data from the experiment were 
collected over a three-year period (2013, 2014, and 2015).   The data were then aggregated and 
divided into seasons for analysis (May and June = spring, July and August = summer, and 
September and October = fall).  The seasonal analyses were based on means of the individual 
data measurements for each source-rate-replicate within each season. 
 
Statistical Analysis 
Analysis of variance was used to test for significant (P ≤ 0.05) differences between 
treatments, seasons, and years, and all interactions using the MIXED procedure of SAS 9.4 (SAS 
Institute, 2013).  Since carryover of some of the fertilizers may have occurred, year was treated 
as a repeated measure. Where significance of the F-test was shown at P ≤ 0.05, mean separations 
were conducted using Fisher's LSD test.  NDVI for year 1 was not measured, therefore, only 
years 2 and 3 were analyzed.  Of particular interest to this study were the treatment and season × 
treatment effects when significant, so we focus only on these results for each parameter 
measured. 
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Results and Discussion 
Season and Year Significance 
The analysis of variance results indicated seasonal and yearly differences across many of 
the parameters measured, implying that season and year did affect cool season turfgrasses 
independent of treatments (Table 2.2).  Several reasons could be the cause of the season/year 
effects within the results.  One explanation for the differences could be the varying weather 
conditions across seasons and years (Table 2.3).  The yearly mean daily temperatures were 
relatively consistent across the study period.  Given the plots were irrigated, lower precipitation 
levels during the growing season (May – Oct.) should not have caused differences in growth 
across years and seasons.   However, heavy rainfall may have contributed to differences. Spring 
of 2013 had 34 cm of precipitation, 26 cm in June alone.  This high level of precipitation was 
equivalent across all treatments and may have been sufficient to leach nitrate below the root zone 
causing reduced N availability and slower growth of the turf.  Excessive irrigation and/or 
precipitation has been shown to increase N  leaching in turfgrass, especially on soils of coarse 
texture (Snyder et al., 1984; Morton et al., 1988; Petrovic, 2004; Erickson et al., 2005). In 
comparison to the 30-year normal in Storrs, CT, spring, summer, and fall for each year was 
above the average normal temperature.  Based on these findings, the study period encompassed 
by this study was slightly different from the 30-year norm in average temperature and total 
precipitation.   
  
Dark Green Color Index 
Each source effect including all interactions were significant at the P≤0.001 level (Table 
2.2).  In evaluating Table 2.2, it is clear that the seasons had varying effects on the treatments.  
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For instance, all treatments except CGM 15 g N m-2 and CGM 20 g N m-2 were statistically 
equivalent in color in the spring (Figure 2.1).  This would be consistent with previous research 
showing organic fertilizers display slower release rates due to the need for microbial breakdown 
of materials into a usable form of N (Blume et al., 2009). However, all of the 15 and 20 g N m-2 
treatments produced the same DGCI during the summer.  In both the spring and summer the 
CTL had the lowest DGCI values.  During the summer, PLY at 5 and 10 g N m-2 rate and CGM 
at the 5 g N m-2 rate produced equivalent turfgrass DGCI to six of the fertilizers at the 15 and 20 
g N m-2 rate, indicating the potential to use lower total N for the year and produce similar 
turfgrass DGCI if you select a source containing a high percentage of slow release N.  During the 
fall, all of the treatments produced similar DGCI that were above the 5 g N m-2 treatment levels.  
Of interest, during the fall the CTL was equivalent to the 10, 15 and 20 g N m-2 treatment DGCI 
values.     
 
Dark Green Color Index Recommendations  
Given that the goal of many turfgrass managers is to obtain dark green color in the spring 
and maintain it over the summer and fall, any of the products tested at the 15 and 20 g N m-2 
rates would provide similar turfgrass DGCI.  The only exception would be corn gluten meal 
applied at a 15 g N m-2 rate as this product and rate would have slowed greening during the 
spring but produce equivalent DGCI to the other 15-20 g N m-2 product/rates during the summer 
and fall.  This slow initial start could be due to the fact that, CGM has the highest amount of 
slow release N of all the products tested.  Previous research has shown that synthetic fertilizers 
or synthetic and organic combination products produced higher quality turf than organic products 
alone (Miltner et al., 2005; Blume et al., 2009). Previous research has shown that quick release 
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fertilizers could potentially increase leaching losses compared with slower release sources 
(Guillard and Kopp, 2004; Sartain et al., 2004).  This is especially true when these quick release 
sources are applied at excessive rates.  
Overall, CGM (highest slow-release N treatment) displayed lower DGCI values in the 
spring, however, all fertility levels had recovered by the fall season.  Whereas, URA treatments 
had initial high values in the spring, but lagged in the summer and lower fertility rate (5g N m-2) 
in the fall.  These results are consistent with a study by Spangenberg et al. (1986) that found 
applications of larger amounts of slow release N were initially slower to respond.   
Managers interested in spring and fall only could get equal DGCI by dropping to 10 g N 
m-2 rates with any of the products evaluated.  However, 5 g N m-2 rates would not be 
recommended given the reduction in turfgrass DGCI during the summer and fall.  Finally, 
managers wanting to focus on organic only options could utilize corn gluten at the 20 g N m-2 
rate if consistent DGCI across seasons is desired, but could drop back to a 15 g N m-2 rate if only 
summer and fall is needed.   
 
Normalized Difference Vegetation Index  
The analysis of variance for NDVI returned significant differences for treatment effects 
as well as for the season × treatment interaction (Table 2.2).  In general, sources with less slow 
release N produced consistently higher NDVI readings in the spring compared with the other 
treatments (Figure 2.2).  However, in the summer many of the 5-10 g N m-2 rates that were 
significantly higher in the spring dropped off and were overtaken by the 15-20 g N m-2 rates.  
The exceptions were CGM 5 g N m-2 and PLY 5 g N m-2 (higher slow release N), which had 
lower NDVI levels in the spring but were equivalent to all the 15-20 g N m-2 rates in the summer.  
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In the fall many N sources at the 15-20 g N m-2 rates had higher NDVI levels than the 5-10 g N 
m-2 rates except for PLY 10 g N m-2, MES 10 g N m-2, LTF 10 g N m-2, STB 10 g N m-2, and 
URA 10 g N m-2.   
 
Normalized Difference Vegetation Index Recommendations 
Looking just at treatments across seasons, most of the 15-20 g N m-2 rates provided 
higher NDVI levels throughout the year.  PLY at the 10 g N m-2 rate produced similar NDVI 
values to many N sources at the higher rates in spring, summer, and fall.  CGM performed well 
in summer and could be supplemented with low amounts of fertilizer in spring and fall.  Further, 
the URA 15 g N m-2  or LTF 15 g N m-2 would be more cost efficient as 5 g N m-2 less fertilizer 
would need to be applied compared to the higher URA 20 g N m-2 and LTF 20 g N m-2 levels.  If 
an organic option is desired then CGM 15 g N m-2 would be the recommendation for increased 
NDVI levels.  The CGM 15 g N m-2 would perform well in the summer and fall with lower 
levels during the spring.   
 
Percent Green Cover 
In analyzing percent green cover, treatment, season, year, season × treatment, year × 
treatment, and season × year were significant (P < 0.01) in the analysis of variance model (Table 
2.2).  Focusing on the season × treatment interaction, many of the 5-10 g N m-2 rates are 
comparable to the 15-20 g N m-2 rates across all seasons.  In the spring, most of the treatments 
were statistically equivalent (Figure 2.3).  In the summer, fertilizers with more slow release N 
(CGM, PLY, and MES) performed similarly regardless of rate. Likewise in the fall CGM at the 5 
g N m-2 rate produced cover that was equal to or better than all other fertilizers measured.  The 
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top treatments had around 82 %, 85 %, and 79 % cover in the spring, summer, and fall, 
respectively.  In contrast, the treatments that performed at a lower level had around 80 %, 83 %, 
and 75 % cover in the spring, summer, and fall, respectively.  Even though these were 
statistically significant, there is little practical difference between the treatments.  
 
Percent Green Cover Recommendations 
Turfgrass managers wanting to maximize percent cover have numerous levels of fertility 
and sources to choose from depending on their objectives.  However, many sources at the 5 and 
10 g N m-2 rate are statistically equivalent to the 5 and 20 g N m-2 rate. Given applying 5 g N m-2 
is most likely preferred to higher rates, the STB 5 g N m-2, STF 5 g N m-2, or MES 5 g N m-2 
would be the recommended options for maximizing spring and summer vegetative green cover. 
Lower application rates would have the added benefit of reducing the chance of N loss (Frank et 
al., 2006) as well as a reduction in cost of materials.     
Managers wishing to maximize percent cover throughout the year should consider using 
fertilizers with faster release sources in the spring to increase initial cover and slow release 
sources in the summer and fall.  CGM at 5 and 10 g N m-2 rate and PLY at the 10 g N m-2 rate 
produced equivalent turfgrass cover to the 15 and 20 g N m-2 rate during at least two seasons of 
the year, indicating the potential to use lower total N for the year and produce similar turfgrass 
cover if you select a source containing a high percentage of slow release N.   
 
Qualitative Turfgrass Color 
Analysis of variance indicated significant (P < 0.001) differences in all of the source 
effects examined (Table 2.2).  As expected, increased fertilizer application rates produced 
 81 
 
significantly higher color ratings.  Many of the plots with 15 g N m-2 and 20 g N m-2 treatment 
rates had statistically higher color ratings than plots with lower fertilizer applications (Figure 
2.4).  However, all treatments produced acceptable turfgrass color in the spring and summer.  
During the fall all fertilizer sources at the 5 g N m-2 rate produced lower color ratings.  All 
fertilizer sources, except CGM at the 10 g N m-2 rate produced similar color to rates at the 15 and 
20 g N m-2 rates. Heckman et al. (2000) also noted that returning clippings leads to a reduction of 
N needs due to the recycling of nutrients. This could help explain why there were little 
differences seen in the 10-20 g N m-2 treatments over the summer and fall seasons. In the same 
study it was noted that plots with at least a portion of fast release fertilizer performed better in 
initial spring ratings (Heckman et al., 2000). 
  
Qualitative Turfgrass Color Recommendation 
DGCI, NDVI, and percent green cover were objective measures of quality; however, a 
more traditional measure is visual assessment.  Although human assessment is subjective in 
nature, the whole plot can be evaluated compared to the limited area assessed by the NDVI and 
the measurements from the DIA. A turfgrass manager needing a spring green color only, could 
consider STB 5 g N m-2, LTF 5 g N m-2, URA 5 g N m-2, URA 10 g N m-2, STF 10 g N m-2, or 
STF 5 g N m-2 as these were lower rate fertilizers with good performance.  However, all 
treatments, regardless of source at the 10 g N m-2 rate or higher produced acceptable color 
ratings throughout the year, while, CGM at 5 g N m-2 produced similar ratings. These findings 
suggest that CGM at the 5 g N m-2 or other sources at the 10 g N m-2 rate could be used to 
produce sufficient color throughout the year. 
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Turfgrass Quality 
Utilizing visual quality ratings provide a measure to better understand the whole turf area 
taking into account aesthetics, turf health, etc. The analysis of variance indicated significance (P 
< 0.05) for all source effects (Table 2.2).  CTL was the only treatment to be rated as 
unacceptable (<6 rating) in the spring, summer, and fall.  However, several of the 5 g Nm-2 
treatments were rated as unacceptable in the spring (i.e., STF 5 g N m-2, MES 5 g N m-2, PLY 5 g 
N m-2, CGM 5 g N m-2) and fall (URA 5 g N m-2, STF 5 g N m-2, LTF 5 g N m-2, MES 5 g N m-2, 
STB 5 g N m-2).  CGM was the only 10 g N m-2 rate treatment to have an unacceptable rating 
which occurred during the spring.   
Within spring, STB 10 g N m-2 was the only non 15-20 g N m-2 rate to perform at the 
highest level (Figure 2.5).  On average, these treatments scored around 7 out of 9 in the spring.  
Treatments not performing as well had scores ranging from 4.7 (CTL) to 6.7 (MES 15 g N m-2).  
During the summer all the 15-20 g N m-2 rates, except CGM 15 g N m-2, were equivalent in 
visual quality.  All of the 5-10 g N m-2 rates performed at a lower level than the 15-20 g N m-2 
rates in the summer.  In the fall all the 15-20 g N m-2 rates performed the same, as did LTF 10 g 
N m-2, STB 10 g N m-2, and MES 10 g N m-2.   
 
 Turfgrass Quality Recommendation 
Visual assessment of quality provides a very similar response to the DGCI, NDVI, 
percent green cover, and visual color measurements with many of the 15-20 g N m-2 treatments 
associated with higher quality turfgrass.  A turfgrass manager or home owner needing a quality 
turfgrass in the spring could consider STB 10 g N m-2, but STB 10 g N m-2 would have a lower 
quality compared to some of the other treatments in the summer.  Any of the fertilizers 
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regardless of source at the 10, 15, or 20 g N m-2 rates, would produce turfgrass with acceptable 
year-round quality.  The 10 g N m-2 rate would be recommended due to the lower amount of N 
needed to achieve the same level of quality.   
Recycling of clippings has been shown to lower external nitrogen needs for turfgrass and 
the variation of moisture in the soils across years could account for the inconsistency among 
years and seasons (Kopp and Gillard, 2002).  Additionally, if quality can be maintained using 
only two applications of N (10 g N m-2) as opposed to four applications (20 g N m-2), the chance 
of N loss could be greatly reduced.   The elimination of the fourth application of N (15 October) 
would also have the benefit of not having a late fall application.  Mangiafico and Guillard (2006) 
reported as application dates advanced later in the year, from mid-September to mid-December, 
so did the increased risk for nitrate leaching and the potential harm to water quality.   
 
Conclusions 
This study examined the role of various fertilizer rates and fertilizer formulations on 
quality, NDVI, color, percent cover, and DGCI.  Results indicated that treatment rates 15 and 20 
g N m-2 performed best across most parameters measured. However, all sources above 5 g N m-2 
and 10 g N m-2 produced visual color ratings at or above the acceptable range indicating that 
lower levels of fertility would still produce good color throughout the growing season.  Slow 
release fertilizers performed well as the season progressed and offer a low risk for turfgrass burn, 
reduced applications at higher rates and longer durations of feeding.  A combination of slow and 
fast release fertilizers may be needed to achieve optimal year round performance, with fast 
release sources being initially applied in the spring and a slow release formulation later in the 
year.   
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There were also seasonal and yearly variations within this study.  Differences could be 
due to overall weather combined with N carry over across year and season. Increased turfgrass 
growth and decomposition of clippings could potentially result in increased mineralization of N. 
This could potentially result in more N being retained in the turfgrass system.  
 The results of this study do not provide definitive recommendations for which rate and 
fertilizer formulation to use as the turfgrass manager’s goal would be the driving force as to 
which rate and fertilizer to use.  The differences in color/quality measures, though statistically 
significant, may not be aesthetically noticeable.  Given the comparable results of many of the 15 
and 20 g N m-2 rates, a turfgrass manager can feel fairly confident that choosing any combination 
of these fertilizers will render similar results. Thus, there is likely no added benefit of the 5g N 
m-2 when applying 15 g N m-2 verses 20 g N m-2.  The exact recommendations are highly 
dependent on the homeowner or turfgrass manager’s maintenance program, aesthetic preference, 
and what time of year a high quality, dark green grass is needed and whether an organic 
alternative is desired.    
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Table 2.1. Fertilizer characteristics, application rates, and application dates for Kentucky bluegrass in Storrs, CT 
2013-2015. 
Factor 1-Fertilizer  
% Slowly 
Available N 
Derived From 
   Agway Corn Gluten (CGM) (9-0-0 ) 100 Corn gluten meal 
   Harrell's Polyon (PLY) (30-0-10) 60 
Muriate of potash, polymer coated urea, urea, and iron 
oxide 
   Lebanon Turf MESA (MES) (30-0-0) 57 Ammonium sulfate, methylene ureas, and urea 
   Shaw's Turf food (STF) (30-0-6) 50 Urea, polymer encapsulated urea, and potassium chloride 
   Lesco Professional Turf Fertilizer (LTF) (25-0-6) 45 
Polymer sulfer coated urea, urea, muriate of potash, and 
iron sucrate 
   Scotts Turf Builder (STB) (32-0-4) 28 
Methylene ureas, urea, potassium sulfate, ammonium 
sulfate, and Iron sucrate 
   Lesco Professional Turf Urea (URA) (46-0-0) 0 Urea 
Factor 2- Yearly N rates Approximate date of N application each year† 
   5 g N m-2 4 June 
   10 g N m-2 4 June, 30 Aug  
   15 g N m-2 4 June, 15 July,  30 Aug.  
   20 g N m-2 4 June, 15 July,  30 Aug., 15 Oct. 
† N was applied at 5 g N m-2 for each application date and applied within 7 days of the given date each year with the exception 
of 27 July 2013 and 28 October 2013. 
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Table 2.2. Analysis of variance source effects for Dark Green Color Index (DGCI), 
Normalized Difference Vegetative Index (NDVI), percent cover, turfgrass color, and 
turfgrass quality for Kentucky bluegrass receiving various fertilizer types and rates of 
N in Storrs, CT 2013-2015.  
Source effect DGCI NDVI 
Percent  
cover 
Turfgrass 
color 
Turfgrass 
quality 
Treatment <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
Season <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
Year <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
Season × Treatment <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
Year × Treatment <0.0001 0.1861 0.0018 <0.0001 <0.0001 
Season × Year <0.0001 <0.0001 <0.0001 <0.0001 <.00001 
Season × Year × Treatment <0.0001 0.1539 0.4791 <0.0001 0.0151 
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Table 2.3. Monthly mean daily temperature and monthly precipitation totals with 30-year normal (Norm) (1981-2010) in Storrs, Connecticut. 
 Temperature  Precipitation 
 
2013 † 2014 † 2015 † 
30-year Norm  (1981-
2010) ‡ 
 
2013 † 2014 † 2015† 
30-year average  (1981-
2010) ‡ 
 --------------------------------°C------------------------------  --------------------------------cm------------------------------- 
Jan. -2 -4 -4 -3  3 6 8 10 
Feb. -1 -4 -9 -2  8 7 4 8 
March 2 0 -1 2  5 11 7 11 
April 9 8 8 8  5 11 9 11 
May 15 15 18 14  8 9 8 10 
June 20 19 19 19  26 3 10 11 
July 25 22 23 21  6 8 3 10 
Aug. 21 21 23 21  6 6 6 10 
Sept. 16 17 20 17  6 4 12 10 
Oct. 12 13 11 11  5 11 6 12 
Nov. 4 4 8 6  10 10 5 12 
Dec. -1 2 7 -1   8 9 8 11 
 Mean Temperature  Precipitation Summation 
 --------------------------------°C------------------------------  --------------------------------cm------------------------------- 
Total 10 9 10 9  95 96 86 126 
Spring 18 17 18 16  54 12 19 21 
Summer 23 22 23 21  13 14 9 20 
Fall 14 15 16 14  10 15 18 22 
Growing Season (May-
Oct.) 
18 18 19 17   57 41 45 63 
† Monthly temperatures by year are from Weather Underground, weather station KIJD. 
‡ Storrs, CT 30-year normal (1981-2010) temperatures are from the National Centers for Environmental Information. 
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Figure 2.1. Dark Green Color Index (DGCI) for Kentucky bluegrass receiving various N fertilizer sources 
and rates in Storrs, CT 2013-2015†.   
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†Fertilizer formulations were Agway Corn Gluten (CGM) (9-0-0), Harrell's Inc. Polyon (PLY) (30-0-10), Lebanon 
Turf MESA (MES) (30-0-0), Shaw's Turf food (STF) (30-0-6), Lesco Inc. Professional Turf Fertilizer (LTF) (25-0-
6), Scotts Turf Builder (STB) (32-0-4), Lesco Inc. Professional Turf Urea (URA) (46-0-0), and non-fertilized control 
(CTL).  Means with the same letters are not significantly different according to Fisher’s LSD (α = 0.05). 
Figure 2.2. Normalized Difference Vegetative Index (NDVI) for Kentucky bluegrass receiving various N 
fertilizer sources and rates in Storrs, CT 2013-2015†.   
K
H-J
E-J
B-E
A-C
B-E
A-DA-E
JK
D-I D-I
AB
C-H
A-DA-E
G-J F-J
D-I
A
B-FB-G
A-D
JK
I-K
D-I
A-D
B-EB-G
A-D
0.66
0.67
0.68
0.69
0.7
0.71
0.72
0.73
0.74
C
TL
C
G
M
P
LY
M
ES LT
F
ST
F
ST
B
U
R
A
C
G
M
P
LY
M
ES LT
F
ST
F
ST
B
U
R
A
C
G
M
P
LY
M
ES LT
F
ST
F
ST
B
U
R
A
C
G
M
P
LY
M
ES LT
F
ST
F
ST
B
U
R
A
N
D
V
I
Treatment
Spring NDVI
0 g N m
-2 
5 g N m
-2 
10 g N m
-2 
15 g N m
-2 
20 g N m
-2 
Nitrogen applied each year
 95 
 
 
†Fertilizer formulations were Agway Corn Gluten (CGM) (9-0-0), Harrell's Inc. Polyon (PLY) (30-0-10), Lebanon 
Turf MESA (MES) (30-0-0), Shaw's Turf food (STF) (30-0-6), Lesco Inc. Professional Turf Fertilizer (LTF) (25-0-
6), Scotts Turf Builder (STB) (32-0-4), Lesco Inc. Professional Turf Urea (URA) (46-0-0), and non-fertilized control 
(CTL).  Means with the same letters are not significantly different according to Fisher’s LSD (α = 0.05).
Figure 2.3. Percent cover for Kentucky bluegrass receiving various fertilizer N fertilizer sources and rates 
in Storrs, CT 2013-2015†.   
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†Fertilizer formulations were Agway Corn Gluten (CGM) (9-0-0), Harrell's Inc. Polyon (PLY) (30-0-10), Lebanon 
Turf MESA (MES) (30-0-0), Shaw's Turf food (STF) (30-0-6), Lesco Inc. Professional Turf Fertilizer (LTF) (25-0-
6), Scotts Turf Builder (STB) (32-0-4), Lesco Inc. Professional Turf Urea (URA) (46-0-0), and non-fertilized control 
(CTL).  Means with the same letters are not significantly different according to Fisher’s LSD (α = 0.05).
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Figure 2.4. Qualitative color for Kentucky bluegrass receiving various N fertilizer sources and rates in 
Storrs, CT 2013-2015†.   
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†Fertilizer formulations were Agway Corn Gluten (CGM) (9-0-0), Harrell's Inc. Polyon (PLY) (30-0-10), Lebanon 
Turf MESA (MES) (30-0-0), Shaw's Turf food (STF) (30-0-6), Lesco Inc. Professional Turf Fertilizer (LTF) (25-0-
6), Scotts Turf Builder (STB) (32-0-4), Lesco Inc. Professional Turf Urea (URA) (46-0-0), and non-fertilized control 
(CTL).  Means with the same letters are not significantly different according to Fisher’s LSD (α = 0.05).
Figure 2.5. Turfgrass quality for Kentucky bluegrass receiving various N fertilizer sources and rates in 
Storrs, CT 2013-2015†.   
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†Fertilizer formulations were Agway Corn Gluten (CGM) (9-0-0), Harrell's Inc. Polyon (PLY) (30-0-10), Lebanon 
Turf MESA (MES) (30-0-0), Shaw's Turf food (STF) (30-0-6), Lesco Inc. Professional Turf Fertilizer (LTF) (25-0-
6), Scotts Turf Builder (STB) (32-0-4), Lesco Inc. Professional Turf Urea (URA) (46-0-0), and non-fertilized control 
(CTL).  Means with the same letters are not significantly different according to Fisher’s LSD (α = 0.05). 
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Chapter 3: Comparison of Small and Large Group Meeting Effectiveness to Disseminate 
Pesticide-Free Turfgrass Management Information to School Grounds and Athletic Field 
Managers 
 
Pesticide usage at schools has come under increased scrutiny due to health and safety concerns 
of children and school staff (Alarcon et al., 2005; Gilden et al., 2012) as well as environmental 
concerns (Pimentel et al., 1992; Edwards 1993; Matson et al., 1997). Numerous states have 
enacted pesticide regulations for schools, with two states legislating complete pesticide bans 
(Connecticut and New York).  In other states, such as Oregon, Maine, and Maryland, pesticide 
use has been severely restricted or banned in specific cities and/or counties (Owens, 2009). 
 Within the Northeastern U.S., New York implemented the Child Safe Playing Fields Act 
(Section 409-k – enacted in 2010; effective March 18, 2011) which applies to public and private 
schools and Social Services Law (Section 390-g – enacted 2010; effective November 14, 2010) 
which applies to day care centers, whereby no school can apply pesticides to turf, 
athletic/playing fields, or playgrounds. The law stipulates a process to request emergency 
applications of pesticides for both public and private schools (New York Department of 
Environmental Conservation, 2010).  Connecticut implemented Public Act (PA) 99-165 
(codified under Connecticut General Statute Section 10-231) in 1999, which required a variety of 
certification, notifications, and policies to use pesticides on school grounds (State of 
Connecticut, 1999).  In 2005, PA05-252 was passed, which banned pesticides on K-8th grade 
school grounds, private schools, and daycare centers (State of Connecticut, 2005).  
Implementation of PA05-252 was scheduled for July 1, 2008, but was extended to July 1, 2010 
(State of Connecticut, 2005). 
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 New laws banning or restricting pesticide use at schools, coupled with budget reductions, 
have severely reduced the ability of turfgrass managers to control turfgrass diseases, invasive 
weeds, and damaging insects (Miller and Henderson, 2012).  Turfgrass managers that are unable 
to control invasive weeds and potentially damaging diseases and insects, are at an elevated risk 
for poor playing surface quality.  Greater wear leads to a reduction in cover and increased pest 
encroachment, which has the potential to reduce playing surface quality (Dest and Ebdon, 2011; 
Henderson et al., 2013; Miller and Henderson, 2012).  Several studies have established a link 
between field surface quality and playing conditions to on-field injuries (Chomiak et al., 2000; 
Dest and Ebdon, 2011; Harper et al., 1984; Orchard, 2002).  However, the relationship between 
athletic field quality and bans on pesticides remains largely unexamined, with only a single study 
being identified (Bartholomew et al., 2015).  Connecticut school grounds/athletic field managers 
(hereafter referred to as school ground managers) have perceived a decrease in the quality of 
fields they manage since the Connecticut pesticide ban took effect in 2010 (Bartholomew et al., 
2015).  
Regardless of whether state policy changes and/or budget reductions have driven the need 
to adopt alternative management practices, school grounds management staff must be proactive 
in maintaining athletic field quality, or risk the potential for injuries associated with poorly 
maintained playing surfaces (Harper et al., 1984;  Chomiak et al., 2000; Orchard, 2002).  Key 
reasons for injuries at schools include “less supervision, less monitoring at recess and lunch time, 
increased violence, crowded classrooms, and poor maintenance of school facilities, equipment 
and playing fields (Di Scala et al., 1997).  
 Managing turfgrass without pesticides presents serious challenges, particularly with 
controlling weeds, insects, and disease.  It is essential for school grounds managers to seek out 
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alternative methods to maintain quality school grounds and safe playing surfaces.  Since the 
pesticide ban became effective in Connecticut, the move toward alternative practices has been 
very limited.  Only a small percentage of school grounds managers have embraced alternative 
management practices in response to the pesticide ban (Wallace et al., 2016). 
 The failure to embrace alternative management methods is most likely due to both 
budgetary constraints and a lack of education associated with the alternative methods.  Extension 
programs and educational workshops can inform grounds managers regarding alternative 
pesticide-free management methods and therefore, directly improve the quality of school 
grounds/athletic fields (Bartholomew et al., 2015).  It is imperative to understand both the 
current level of knowledge, and the most effective dissemination methods to facilitate 
information uptake and retention by school grounds managers.  
Based on previous research, the most widely used evaluation tools to examine knowledge 
gains from educational programs are pre-and post-surveys or tests. Traditionally, participants are 
asked questions, both at the beginning of a program (pre-test) and after information has been 
disseminated (post-test).  The design has been used to examine a number of measurable changes, 
including participant knowledge, attitudes, or behaviors. Pre-test/post-test mechanisms have been 
shown to be well-suited to investigate education programs (Dugard and Todman, 1995; La 
Barge, 2007).    
There is on-going debate about the effectiveness of small versus large group settings, as well 
as about dissemination methods.  Several studies have evaluated dissemination mechanisms to 
identify the most effective presentation method for educational programming.  Kline et al. (2012) 
utilized various program dissemination mechanisms that specifically targeted varied clientele, 
including Amish producers.  Results indicated positive feedback on the targeted programs; the 
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development of content presented in poster format, with discussion, was well received.  
Mathiasen et al. (2012) used a training video to improve agricultural workers knowledge of food 
safety, while Shaw et al. (2015) taught a seven-hour Good Agricultural Practices (GAP) course 
that included a mix of discussion, traditional PowerPoint delivery, and case studies, and found 
improved knowledge of Iowa producers about food safety.  Ricketts et al. (2001) showed that a 
distance-education dissemination format can be as good as a face-to-face format for health care 
professionals.  Focusing on turfgrass information dissemination methods, Kennelly and Hoyle 
(2015) note that email was the most preferred method to receive information of Kansas turfgrass 
professionals (e.g., golf course managers, lawn care companies, chemical companies, school 
ground managers, etc.).  Nayak et al. (2015) examined the knowledge gain associated with their 
training curriculum on GAP for Pennsylvania commercial buyers.  Training increased their 
growers’ GAP knowledge by 22%.  Cutz et al. (2015) examined knowledge gains of students 
participating in after school extension programs.  Students gained knowledge across the 
gardening, technology, and composting programs.    
The traditional lecture format has been found to increase retention by university students 
compared with PowerPoint format (Amare 2006; Savoy et al. 2008).  Research has found 
positive, negative, and no difference associated with class size and student achievement (Nyhan 
and Alkadry, 1999).  For instance, reducing class size negatively impacted sixth grade student 
achievement scores while positively impacting tenth grade student scores (Beditz, 1983).  A 
positive effect on student achievement scores when having a reduced class size was found by 
Glass and Smith (1978) and the Coalition for Evidence-Based Policy (2003).  Educator 
workshops, short presentations, and DVD formats have been compared as methods to increase 
implementation of an urban environmental education program (Kudryavtsev et al. 2010).  
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Workshop dissemination was the most successful method for increasing implementation of the 
program by attendants. However, there is some evidence that there is no difference between 
problem-based learning (similar to face-to-face) and lecture (similar to workshops) (Beers, 
2005).  These results indicate that the workshop format may offer a better method to transmit 
information, compared with the one-on-one contact that can be more labor intensive, but the 
results are not conclusive.   
Results from this research indicate that regardless of all the new technologies and 
methods to disseminate information, the conventional methods of workshops and face-to-face 
meetings are still important to many agricultural producers/managers.  Producers still highly 
value one-on-one contact, so they can have dialogue and problem solve during the dissemination 
process (Milburn et al. 2010).  Additionally, workshops enable participants to share their 
experiences and questions with the instructors and other participants, which fosters peer-to-peer 
learning.    
The objective of this research was to determine the effect of dissemination method (large 
group or small group setting) on the knowledge retention of school grounds managers. Our 
hypothesis was that there would be different knowledge gains between the small group setting 
and the large group setting.  We further anticipated that certain manager characteristics would 
influence knowledge gained by the managers.  
 
Materials and Methods 
During the summer of 2015, two information dissemination programs (small group 
setting and large group setting) were developed to assess the level of knowledge gain on a 
variety of turfgrass topics by school grounds manager professionals (Appendix A).  The large 
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group setting was a lecture style presentation, conducted outdoors at research and demonstration 
plots about pesticide-free athletic field management methods. The small group setting was an 
interactive workshop with discussions and hands-on demonstrations about best management 
practices for pesticide-free athletic fields.  The content of the programs was similar, covering 
these topics: mowing, fertilization, irrigation, cultivation, pest control, aeration, compost 
topdressing, and overseeding.  
A pre- and post-survey was developed (Appendix B and C) to measure information 
retention of the two programs.  Before initiating this research, the program and survey were 
approved by the university’s internal review board.   The survey consisted of questions relating 
to personal characteristics (e.g., number of years on the job, pre-job training, training on the job, 
types of jobs performed, etc.), departmental characteristics (e.g., number and types of grounds 
maintained, current maintenance practices, etc.), as well as four questions about the main topics 
in the education program.   The four questions were focused on athletic field management 
practices covered in the presentations: 1) irrigation, 2) aeration, 3) compost topdressing, and 4) 
aggressive overseeding (see Appendix A for specific questions asked). The survey was also 
vetted by numerous University of Connecticut faculty members within the Department of Plant 
Science and Landscape Architecture, Department of Education, and Department of Extension 
before implementation. 
Both the small and large group presentations took place between August and October 
2015 and focused on school grounds managers throughout the state of Connecticut.  The recently 
implemented pesticide ban on K-8th grade schools within the state and the lack of adoption of 
new management practices (Wallace et al., 2016) makes Connecticut a unique environment to 
test pre-existing knowledge and the effectiveness of different educational programming.  The 
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small group meetings consisted of university researchers and extension faculty traveling to 
several school districts throughout the state to meet with a variety of school grounds managers 
and their staff.  Staff employees were included in the small group meeting format because this 
format provides a unique opportunity to educate both decision makers and non-decision makers.  
Each school district was taught in separate meetings (i.e., school districts were engaged 
separately).  Small group presentations were held for four school districts and had 6-10 
participants in each meeting.  Information was disseminated over a four-to-five hour time frame.  
Districts were chosen based on interest in participation and staff availability.  The large group 
presentations corresponded with the turfgrass field day held at the University of Connecticut 
Plant Science and Landscape Architecture Research and Education Facility in Storrs, CT.  
Approximately 50 participants attended, with half eligible for survey participation. (Surveys 
were only completed by school ground managers and their staff. The presentation information 
was presented over approximately 1.5 hours.)  
Overall material presented at the two events was the same.  For participants in both the 
small and large group meetings, pre-tests were given upon arrival at the venue.  Post-tests were 
given immediately after all information was presented.  The small group meetings were designed 
with the following format: explanation of a document which covered the best management 
practices for pesticide-free, cool-season athletic fields (Henderson et al., 2013), group discussion 
and then a demonstration of aeration and overseeding techniques.  The large group setting took 
the following format: short lecture presentation on the best management practices for pesticide-
free athletic fields, questions and answers, and an explanation of equipment and its importance 
and functionally for managing pesticide-free athletic fields. The discussions in the large group 
revolved around central topics, as covered by the survey knowledge questions.  However, the 
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discussion in the small group meetings often branched into other areas, as attendees asked 
questions on a variety of topics specific to their situations.   Participants within the small group 
meetings included university (research and extension) faculty and school district grounds 
maintenance professionals.  The large group setting consisted of school maintenance 
professionals that attended the turfgrass field day.  Characteristics of professionals completing 
the pre- and post-surveys for participants at the large and small group meetings can be found in 
Tables 3.1 and 3.2.   
Small group and large group differences in continuous variables were tested via a t-test, 
while categorical variables differences (Yes, No) between small and large groups were tested via 
χ2 tests to determine if there are significant differences between proportions of the Yes, No 
responses for specific questions asked of the attendees using Stata Version 14.2 (StataCorp, 
2015).  However, as can be seen in Tables 3.1 and 3.2, the results may be a function of who 
attended each event.  Respondent age, education levels, attendance at professional meetings, and 
type of jobs performed varied significantly between the small and large group formats (Tables 
3.1 and 3.2).  Given these differences, we utilized an ordinary least squares regression (OLS) to 
control for factors outside of the presentation type.  The OLS model was specified as:  
Yi = β0 + β1(respondent age) + β2(years of service) + β3(certification/short course education) + 
β4(some college or more education) + β5(attend professional meeting at least once per year) + 
β6(direct personnel/develop budget) + β7(determine purchases, maintenance, and fertility plans + 
β8(perform maintenance/fertility applications) + β9(town has dedicated personnel) + β10(small 
group format) + β11(interaction: small group format*attend professional meeting more than once 
per year) + ε, where Yi represents the difference in the number of correct answers between the 
pre- and post-tests.  The β10 and β11 coefficients are the most pertinent to this paper as these 
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coefficients directly relate to our hypothesis.  Given that the small and large group variables are 
categorical in nature, we treat them as dummy variables. We only included one dummy variable 
in the model so as to avoid the dummy variable trap.  The included dummy variable, in our case 
small group, is compared against the left out variable, large group.  Thereby, β10 measures 
whether the small group presentation method provided a significantly different knowledge gain 
(post-test minus pre-test) compared with the large group setting.  β11 is included as the only 
interaction given attending other educational sessions could influence the effect of knowledge 
gain.  Several other interactions were included, but provided non-significant interaction 
coefficients so they were excluded from the final model. The OLS model was estimated using 
Stata Version 14.2 (StataCorp, 2015). 
 
Results and Discussion 
The personal, professional, and departmental characteristics of the subjects participating 
in each dissemination method are summarized in Tables 3.1 and 3.2. The subjects that 
participated in the large group educational sessions were generally older, more educated, and 
attended more professional meetings than the subjects from the small groups. Additionally, there 
was a greater percentage of subjects from the large group educational sessions that directed 
personnel, developed budgets, as well as made decisions regarding purchases and fertility 
management plans. For instance, 33% of attendees in the small group sessions directed 
personnel/developed budgets while 59% of the large group attendees directed 
personnel/developed budgets.  These data indicate that the population attending the large group 
sessions likely consisted of more school grounds managers, as opposed to general staff, 
compared with the population that attended the small group sessions.  
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Pre- and post-educational session test scores are shown in Table 3.3. Attendees from the 
small group sessions answered more questions correctly regarding aeration and compost 
topdressing before the educational session than those that attended the large group sessions. 
These data somewhat contradict the personal and professional characteristics that indicated the 
attendees participating in the large group sessions were more educated and attended more 
professional meetings than the subjects from the small groups. However, if the small groups 
contained more staff personnel, these individuals are likely performing these turfgrass cultural 
practices more routinely than the school grounds managers who direct staff and oversee 
maintenance on a daily basis. No differences in percent correct answers between presentation 
types were observed related to irrigation and overseeding in the pre-test.  
 The post-test educational session-test results showed significant differences across 
presentation methods.  The large group format had significantly more attendees answer questions 
related to compost topdressing and overseeding correctly (Table 3.3).  Fifty-nine percent of 
attendees correctly answered the compost topdressing question at the large group meeting with 
only 21% correctly answering the same question at the small group meeting. For overseeding, 
only 13% of small group meeting attendees correctly answered the question, while 36% of large 
group meeting attendees answered the question correctly.  Of significance within these results is 
the relatively low accuracy rate across both presentation styles: 59% was the highest accuracy 
rate by the large group for the compost topdressing question, and 50% for the small group for the 
irrigation question.  These results indicate a great educational need for school ground managers 
regarding overseeding, compost topdressing, aeration, and irrigation. 
 A key to comparing the presentation types is to understand how many questions were 
correctly answered across methods.  The small group attendees averaged two of four questions 
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correctly on the pre-test, while averaging only 1.21 questions correct on the post-test (Table 3.4).  
This drop in the number of questions answered correctly was the result of lower post-test scores 
across all questions at the small group meeting, especially for the compost topdressing question 
which saw a 46% decrease in the number of attendees that correctly answered the compost 
topdressing question (Table 3.3).  In comparison, there was only a 4%, 20%, and 8% decrease in 
post-test scores for irrigation, aeration, and overseeding, respectively.  However, the large group 
attendees correctly answered 1.59 questions on the pre-test and 2 questions on the post-test.  The 
large group gains were evident with most of the questions, except irrigation, with the biggest 
knowledge gain coming on the aeration question. 
 The small group meeting had a negative effect on knowledge gained, while the large 
group meeting had a positive effect (Table 3.4).  The negative result of the small group meeting 
seems counterintuitive, and it is in contrast to findings by Kline et al. (2012) and Shaw et al. 
(2015) that showed a targeted approach, similar to our small group method, leads to knowledge 
gains.  However, several factors may have directly contributed to this outcome.  The small group 
meetings was free to all athletic field management staff in the district.  Since the meeting was 
provided at no cost to each town or staff, there may have been no incentive for town employees 
to take the course seriously, especially by those that are not the decision-makers for the turfgrass 
management program.  For the large group meeting, there was a nominal registration fee charged 
and a higher number of decision-makers attended.  
 Based on those attending, it is clear that a simple comparison of means or proportions 
may not be a complete and accurate representation of the effects of the two programs.   Utilizing 
the OLS model to control for a variety of personal and job characteristics, we are able to measure 
the learning retention of the presentation types.  From the OLS results we find numerous 
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variables that have a significant result on knowledge gain/loss (Table 3.5).  First, as the 
attendee’s age increases, there is a 0.04 increase in the number of correct answers per year from 
the pre- to post-test.  This amount is small, but a 10-year age increase results in almost a half a 
question gain (0.4) in correct answers.  However, for each year of service there is a negative (-
0.05) impact on the number of correct answers.  In essence, the older an attendee, the more 
questions they get correct, which may be the result of increased experience, but as length of 
tenure in their current job increases there may be a tendency to do things as they have always 
done. 
 Those attendees with a certification/or short-course training had a 1.2 question increase in 
the number of questions answered correctly (Table 3.5).  Furthermore, we find that attendees 
with direct responsibilities to assign personnel or develop budgets answered 1.3 more questions 
correctly from the pre- to post-test.  This is consistent with the expectation that attendees with 
decision making duties either are more knowledgeable about how to maintain athletic fields or 
were more willing to learn during the meetings.   
 Finally, we find that attendees of the small group presentation method answered 1.7 
fewer questions correct compared with the large group attendees (Table 3.5).  This finding is 
consistent with the statistical results, but provides more confidence, since other variables have 
been controlled.  Our results are similar to findings of Amare (2006) and Savoy et al. (2008) that 
a more traditional (i.e., non-PowerPoint, lecture at podium and handouts) format provides more 
knowledge gain than a PowerPoint based program.  However, our results differ from those of 
Beers (2005), which provided evidence that problem-based learning provided outcomes similar 
to traditional lectures.  Based on our finding, there is evidence that the large group meeting 
provided a better method to communicate knowledge gain than the small group meeting.  Most 
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likely, this is due to the manner in which information was disseminated with little chance to 
divert away from the discussion topic.  For instance, the large group meeting had a direct 
timeline of information to be covered, with limited availability to move off-topic.  However, the 
design of the small group meeting provided key information, but was more flexible in the range 
of discussion topics. 
 The results of this study do not imply that the large group meeting should always be 
chosen instead of the small group meeting.  Our results indicate that for dissemination of specific 
information, the large group meeting resulted in greater learning.  However, there may be 
situations in which small group meeting is preferable to large group meetings for improving 
knowledge gain, especially if project cost, time, or hands-on demonstrations by participants is 
required.  Hands-on demonstrations can be offered at large group meetings, but the amount of 
individualized time is limited due to a larger number of attendees.  Furthermore, as noted by 
Milburn et al. (2010), one-on-one contact is a highly valued method to engage and disseminate 
information. 
 
Summary and Conclusions 
Disseminating information is critical to the mission of land grant universities.  However, 
the most effective method to educate school athletic field managers is not well understood.  We 
attempted to fill this void by evaluating two common dissemination practices, small and large 
group meetings.  Our results indicate that the large group meeting format performed better than 
the small group meeting format.  We expect these differences are due to the structure of the small 
group meeting, whereby small group attendees had more flexibility to discuss topics in turf 
management that affected them directly. The small group format provided time for UConn turf 
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professionals to answer questions in depth and provide further explanation where necessary. 
Straying off the four topics in the education program may have resulted in less time spent on the 
four main topics compared with the large group. The large group attendees had little opportunity 
to deviate from the main subject matter due to the program format. While the format allowed for 
some questions, the delivery of information was in a lecture-type format.  The value of the small 
group meeting should not be discounted, especially when athletic field managers and staff need 
information specific to their situation.  Further, the small group meeting potentially allows for 
more training opportunities for staff as they are more likely to attend the small group meetings. 
Overall, when disseminating general information, the large group meeting format most likely 
provides a better method of delivery when focusing on key points.   
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Table 3.1. Survey question variables for small group and large treatment group means, statistical test 
outcomes, and overall means for pre- and post-test results.   
 
 
Small Group Large Group  Total 
Variable Mean Mean 
Small vs. 
Large § Mean 
Respondent age (years) 42.04 49.82 ** 45.76 
Years of service (years) 10.48 11.18 NS 10.82 
*, **, *** represent significance at P < 0.05, 0.01, and 0.001, respectively. † represents significance 
at the P < 0.10 level.  NS represents no statistical difference at the P > 0.10 level.  
§ Small group and large group differences were tested via a t-test.   
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Table 3.2. Survey question variables for small and large treatment group response proportions,  
statistical test outcomes, and overall proportions for pre- and post-test results.   
 
 
Small Group Large Group  Total 
Variable 
Proportional 
Response 
Proportional 
Response 
Small vs. 
Large 
Proportional 
Response 
Education     
None 0.88 0.36 *** 0.63 
Certification/short     
Course 0.04 0.48 *** 0.25 
Some college or more 0.08 0.16 NS 0.12 
Attend professional  
meetings      
At least once per year 0.21 0.82 *** 0.50 
Once every 1-5 years 0.29 0.14 † 0.22 
Less than once every 5  
years 0.50 0.05 *** 0.28 
Type of job     
Direct  
personnel/develop  
budgets 0.33 0.59 ** 0.46 
Determine purchases,  
maintenance, and  
fertility plans 0.38 0.68 *** 0.52 
Perform  
maintenance/fertility  
applications 0.96 1.00 NS 0.98 
Town has dedicated  
personnel for athletic 
fields      
Yes 0.82 0.76 NS 0.79 
No 0.18 0.14 NS 0.16 
Do not know 0.00 0.10 * 0.05 
*, **, *** represent significance at P < 0.05, 0.01, and 0.001, respectively. † represents significance at 
the P < 0.10 level.  NS represents no statistical difference at the P > 0.10 level.  
§ Small group and large group differences in categorical variables were tested via χ2 tests.   
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Table 3.3. Pre- and post-test scores (percent correctly answered) for each knowledge question by presentation type. § 
 Pre-test  Post-test 
Cultural Practices Small Group  Large Group  Significance  Small Group  Large Group  Significance 
 ----------------%-----------------   ----------------%----------------  
Irrigation 54 55 NS  50 45 NS 
Aeration 58 32 †  38 59 NS 
Compost Topdressing 67 41 †  21 59 ** 
Overseeding 21 32 NS  13 36 † 
*, **, *** represent significance at P < 0.05, 0.01, and 0.001, respectively. † represents significance at the P < 0.10 level.  
NS represents no statistical difference at the P > 0.10 level.  
§ Small group and large group differences were tested via a χ 2 test.   
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Table 3.4.  Comparison of presentation types by total scores.  
 Small Group Large Group Significance 
  Number correct 
§  
Pre-test 2.00 1.59 NS 
Post-test 1.21 2.00 * 
Total Difference (Post-Pre) -0.79 0.41 ** 
*, **, *** represent significance at P < 0.05, 0.01, and 0.001, respectively. † represents 
significance at the P < 0.10 level.  NS represents no statistical difference at the P > 0.10 
level.  
§ Small group and large group differences were tested via a t-test.   
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Table 3.5. Ordinary least squares regression results indicating explanatory variable effect on 
total knowledge gain. 
Variables z Coefficient x Std. Err.  
Respondent age 0.04 0.02 † 
Years of service -0.05 0.03 † 
Education    
Certification/short course 1.16 0.57 * 
Some college or more 1.05 0.80 NS 
Attend professional meetings   
At least once per year -1.65 0.86 † 
Type of job    
Direct personnel/develop budgets 1.29 0.73 † 
Determine purchases, maintenance, and fertility plans -0.62 0.73 NS 
Perform maintenance/fertility applications -2.33 1.68 NS 
Town has dedicated personnel for athletic fields 
Yes  0.58 0.55 NS 
Small group (compared with base variable: large group) -1.65 0.93 † 
Interaction: attend meeting once or more x small group 1.21 1.15 NS 
Constant   1.11 2.10 NS 
Overall model F-statistic 2.900 
prob > F 0.010 
R-squared 0.508 
Adj. R-square 0.333 
 z Base categories: education = none; professional meeting attendance = less than once per 
year; town has dedicated personnel = no/not sure; presentation type = field workshop. 
x Bold values represent are statistically significant at the 0.1 level or less. 
*, **, *** represent significance at P < 0.05, 0.01, and 0.001, respectively. † represents 
significance at the P < 0.10 level.  NS represents no statistical difference at the P > 0.10 level.  
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Appendix 3.A. Survey questions used for knowledge assessment. 
 
1. Which of the following statement is most correct? 
 Irrigation is not important for maintaining high quality fields and should not be used. 
 Irrigation should be used when the soil is completely dry to the touch.   
 Irrigation should be used when plants are just beginning to show signs of moisture 
stress. 
 An automated program should be run consistently regardless of weather conditions. 
 I do not know 
 
2. Which of the following statements is most correct about when K-8 athletic fields should be 
aerated?  
 K-8 athletic fields should never be aerated. 
 K-8 athletic fields should be aerated every other year to give the field a chance to 
firm up. 
 K-8 athletic fields should be aerated every year in the spring to increase infiltration 
rates and prepare a seedbed for re-establishment. 
 K-8 athletic fields should be aerated every year in the fall to encourage gas exchange 
and potentially kill white grubs. 
 K-8 athletic fields should be aerated every year in either the spring or fall depending 
level of traffic on the fields. 
 Other _______________________________________________________________ 
 I do not know 
 
3. Which of the following statements is how often one should use compost topdressing on an 
athletic field? 
 Never         Every 1-2 years  
 Less than once every 5 years      Once a year 
 Every 3-5years        More than once a year 
 Only if a soil test determines your soil phosphorus levels to be below 
environmentally critical levels and soil organic matter is low 
 I do not know 
 
4. Which of the following statements is most correct about when to overseed athletic fields?  
 The spring to maintain a thick stand of grass before wear occurs. 
 The summer when school is not in session. 
 The fall to repair and maintain the current stand of grass. 
 The winter when there is snow on the ground to prepare for the next growing season. 
 Any time during the growing season where field play is anticipated. 
 I do not know  
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Appendix 3.B. Pre-Test Survey 
Thank you again for your participation.   
We would like to do a follow-up survey in a few months related to this survey.  If you would like 
to participate in the follow-up survey and/or more surveys related to turfgrass management 
please leave us your contact information.  Your information will always remain confidential and 
you will be helping to further research in the turfgrass management area.  You may opt out at 
any time if you do not wish to participate. 
 
E-mail (please print clearly) _____________________________________________________ 
 
Please begin by choosing your unique identification code.  The code will only be used to match 
your pre- and post-workshop surveys and will not identify you specifically as all surveys are 
anonymous.  
What are the first three letters of your father’s first name? ___________ 
In what year were you born? ___________ 
What is the last number in your street address? ___________ 
UNIQUE CODE __ __ __ __ __ __ __ __ 
We would like to start by asking you some questions about routine maintenance practices for 
your town’s school athletic fields. 
General Information 
1. In what town are you responsible for participating in the maintenance of SCHOOL athletic 
fields? _______________________________________________ 
If you do not participate in maintaining school athletic fields please do not proceed with 
this survey.   
 
2. How many years have you worked in your current position? ________ 
 
3. Formal training in turf management or related field? (check all that apply)   
 Certificate/ Short course   Baccalaureate Degree  
 Associate Degree    Graduate Degree (MS or PhD) 
 No formal training/ self-taught/ or learned on the job  
 
4. How often do you attend professional training events on athletic field management? 
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 Never      Once  1-2 years year  
 Less than once every 5 years   Once a year  
 Once every 2-5years    More than once a year    
 
5. Which of these responsibilities does your job include? (check all that apply) 
 Develop budgets for maintaining school athletic fields 
 Direct personnel  to maintain school athletic fields  
 Determine supply purchases for school athletic fields 
 Determine routine maintenance of school athletic fields 
 Determine fertility plans for school athletic fields  
 Perform routine maintenance of school athletic fields (mow, paint, etc.) 
 Perform fertility applications for school athletic fields  
 Other _____________ 
6. Does your town have dedicated personnel whose main responsibility is to maintain school 
athletic fields?       
 Yes If yes, how many people? ____________ 
 No 
 I do not know  
 
7.  How many of each type of K-8 school athletic field do you manage? Please indicate Yes, 
No or IDK (I do not know) if the fields are regularly irrigated, fertilized and aerated.   
   
Irrigated   Fertilized  Aerated 
_______Baseball   Yes  No   IDK  Yes  No  IDK    Yes  No  IDK 
_______ Football  Yes  No   IDK  Yes  No  IDK    Yes  No  IDK 
_______ Lacrosse  Yes  No   IDK  Yes  No  IDK    Yes  No  IDK 
  
_______ Soccer  Yes  No   IDK  Yes  No  IDK    Yes  No  IDK 
_______ Softball  Yes  No   IDK  Yes  No  IDK    Yes  No  IDK 
  
_______ Mixed-use  Yes  No   IDK  Yes  No  IDK    Yes  No  IDK 
_______ Other  Yes  No   IDK  Yes  No  IDK    Yes  No  IDK  
 
8.  How many of each type of high school athletic field do you manage? Please indicate Yes, 
No or IDK   (I do not know) if the fields are regularly irrigated, fertilized and aerated.  
    
Irrigated   Fertilized  Aerated 
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_______Baseball   Yes  No   IDK  Yes  No  IDK    Yes  No  IDK 
_______ Football  Yes  No   IDK  Yes  No  IDK    Yes  No  IDK 
_______ Lacrosse  Yes  No   IDK  Yes  No  IDK    Yes  No  IDK 
  
_______ Soccer  Yes  No   IDK  Yes  No  IDK    Yes  No  IDK 
_______ Softball  Yes  No   IDK  Yes  No  IDK    Yes  No  IDK 
  
_______ Mixed-use  Yes  No   IDK  Yes  No  IDK    Yes  No  IDK 
_______ Other  Yes  No   IDK  Yes  No  IDK    Yes  No  IDK  
 
9. How many of the following types of shared fields do you maintain? (Enter 0 if you do not 
maintain this type of field.) 
_______ Shared by both High school and K-8  
_______ Shared by both High school and Municipal  
_______ Shared by both Municipal and K-8 
_______ I do not know  
15. What species does your town typically use to overseed your K-8 school athletic fields 
(check all that apply)? 
 Ryegrass      Bluegrass 
 Tall Fescue     Other _________________________ 
 I do not know 
 
16. When overseeding K-8 school athletic fields, does your town apply _________? 
 A single species and cultivar of seed 
 A blend of seed (two or more cultivars of the same species) 
 A mixture of seed (two or more species of grass, such as bluegrass and ryegrass) 
 We do not overseed 
 I do not know 
 
17. Which of the following statements is most correct about when to overseed athletic fields?  
 The spring to maintain a thick stand of grass before wear occurs. 
 The summer when school is not in session. 
 The fall to repair and maintain the current stand of grass. 
 The winter when there is snow on the ground to prepare for the next growing 
season. 
 Any time during the growing season where field play is anticipated. 
 I do not know  
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18. Where do you look for information to determine which seed to apply for overseeding? 
(check all that apply) 
 Seed selection is not important.  
 We select the least expensive seed available. 
 We select whatever seed the supplier has in stock. 
 We look to the NTEP (National Turfgrass Evaluation Program) website for seed 
section. 
 We look to university extension professionals for seed selection advice. 
 We look to trade magazines and other industry publications for seed selection 
advice. 
 We look to other industry professionals for advice. (seed supplier, landscape 
contractor, etc.) 
 Other 
____________________________________________________________________
___ 
 I do not know 
Management Assessment for K-8th grade fields 
1. Which of the following statement is most correct? 
 Irrigation is not important for maintaining high quality fields and should not be 
used. 
 Irrigation should be used when the soil is completely dry to the touch.   
 Irrigation should be used when plants are just beginning to show signs of moisture 
stress. 
 An automated program should be run consistently regardless of weather 
conditions. 
 I do not know 
 
2. On average, during the active growing season, how many times per week are the K-8 
school athletic fields in your town mowed? 
 Never     Twice per week 
 Less than once per week   More than twice per week 
 Once per week    I do not know  
 
3. On average, during the active growing season for most k-8 sports what is the most 
desirable height of cut for athletic fields? 
 Less than 1 inch    Greater than 3.5 inches 
 1-2 inches     I do not know 
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 2-3 inches     
 
4. Which of the following statements is most correct about when K-8 athletic fields should be 
core aerated?  
 K-8 athletic fields should never be aerated. 
 K-8 athletic fields should be aerated every other year to give the field a chance to 
firm up. 
 K-8 athletic fields should be aerated every year in the spring to increase infiltration 
rates and prepare a seedbed for re-establishment. 
 K-8 athletic fields should be aerated every year in the fall to encourage gas 
exchange and potentially kill white grubs. 
 K-8 athletic fields should be aerated every year in either the spring or fall 
depending level of traffic on the fields. 
 Other 
___________________________________________________________________ 
 I do not know 
5. Which of the following are reasons why athletic fields require more fertilization than 
general turf areas? (Check all that apply.) 
 Athletic fields do not need more fertilization than other turf areas. 
 Athletic fields have a higher standard of visibility and need fertilization for the 
green color. 
 Turfgrass plants are under more stress and need to be able to regrow a dense 
playing surface.  
 I do not know 
6. What type of fertilizer source does your town usually apply to K-8 school athletic fields? 
 Quick release (ammonium sulfate, potassium nitrate, urea, etc.) 
 Slow release (organic, synthetic reacted organics, polymer coated sulfur coated 
urea, etc.) 
 Controlled Release (combination of quick and slow release) 
 I do not know 
 
7. How do you determine the frequency, timing and amount of nitrogen to apply to your K-8 
school athletic fields each growing season? (Check all that apply.) 
 Follow directive from my supervisor or boss 
 Follow a standard procedure that was established previously that I know works 
 Follow guidelines on the fertilizer bags 
 Apply only when the turf looks “hungry” or N deficient (pale green/low density) 
 Take soil samples and follow guidelines based on soil test results 
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 Follow advice of private consultant 
 Follow advice of university extension personnel 
 Other ______________________________________________________ 
 I do not know 
 
8. In the previous growing season how often were your town’s K-8 school athletic fields 
fertilized? 
 Never     3 times per year 
 Once a year     More than 4 times per year 
 Twice a year    I do not know 
 
9. How much nitrogen per year did your town apply to your K-8 school athletic fields within 
the last growing season? (check the closest approximation) 
 We did not fertilize our athletic fields 
 1 lb  or less of nitrogen per 1000 ft2 per year 
 2 lbs of nitrogen per 1000 ft2 per year 
 3 lbs of nitrogen per 1000 ft2 per year 
 4 lbs of nitrogen per 1000 ft2 per year 
 More than 4 lbs of nitrogen per 1000 ft2 per year  
 I do not know 
 
10. How do you determine the frequency, timing and amount of phosphorus to apply to your 
K-8 school athletic fields each growing season? (Check all that apply.) 
 Follow directive from my supervisor or boss 
 Follow a standard procedure that was established previously that I know works 
 Follow guidelines on the fertilizer bags 
 Apply only when the turf looks “hungry” or N deficient (pale green/low density) 
 Take soil samples and follow guidelines based on soil test results 
 Follow advice of private consultant 
 Follow advice of university extension personnel 
 Other ______________________________________________________ 
 I do not know 
 
11. How often does your town typically compost topdress your K-8 school athletic fields? 
 Never         Every 1-2 years  
 Less than once every 5 years      Once a year 
 Every 3-5years        More than once a year 
 Variable based on soil test phosphorus results    I do not know 
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12. Which of the following statements is how often one should use compost topdressing on an 
athletic field? 
 Never         Every 1-2 years  
 Less than once every 5 years      Once a year 
 Every 3-5years        More than once a year 
 Only if a soil test determines your soil phosphorus levels to be below 
environmentally critical levels and soil organic matter is low 
 I do not know 
 
13. What is a possible environmental hazard associated with compost topdressing? (check all 
that apply) 
 Phosphorus runoff and leaching   
 Drastically reducing soil pH 
 Nitrogen runoff and leaching    
 There are no risks associated with compost topdressing 
 I do not know 
 
14. How often does your town usually overseed your k-8 school athletic fields? 
 Never       Twice a year 
 Less than once every 2 years    More than 3 times a year 
 Once a year     I do not know 
 
10. Which method of management does your town use for high school (HS) and k-8 school 
athletic fields?  (Do not check if other) 
Pesticide free   Organic   IPM 
Baseball   HS  K-8   IDK  HS  K-8  IDK    HS  K-8  IDK 
Football  HS  K-8   IDK  HS  K-8  IDK    HS  K-8  IDK 
Lacrosse  HS  K-8   IDK  HS  K-8  IDK    HS  K-8  IDK 
Soccer   HS  K-8   IDK  HS  K-8  IDK    HS  K-8  IDK 
Softball  HS  K-8   IDK  HS  K-8  IDK    HS  K-8  IDK 
Mixed-use  HS  K-8   IDK  HS  K-8  IDK    HS  K-8  IDK 
Other   HS  K-8  IDK  HS  K-8  IDK    HS  K-8  IDK 
 
11. What type of aeration equipment does your town own to use for cultivation of athletic 
fields? 
a. Drum/pull-type aerifier      Aera-vator 
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b. PTO driven aerifier       
Other____________________ 
c. We do not own aeration equipment  for athletic fields   I do not know 
 
12. Do any outside volunteer groups contribute to maintaining school grounds? (check all that 
apply)  
 PTA 
 Sports clubs 
 Garden clubs 
 Other ________________________________________________ 
 No outside volunteer groups contribute to maintenance 
 I do not know 
13. If you checked a volunteer group contributes to maintaining your school grounds in 
question 12, what type of support do these groups contribute? 
 Budgetary support 
 Fundraising 
 Physical maintenance (please specify) ____________________________________ 
 Other ______________________________________________________________ 
 
Limited Resource Management 
1. With budget limitations please rank by priority which products/practices you would 
consider most important from 1-10 with 1 being the most important. 
_______ Aeration/cultivation of fields         _______ Minimum risk pest control products 
_______ Compost topdressing          _______ Mowing fields 
_______ Fertilization of fields                _______ Grub control/prevention EPN’s or    
biopesticides 
_______ Humates/biostimulants/compost teas  _______ Seed for overseeding 
_______ Irrigation of fields           _______ Other _________________________ 
 
Appendix 3.C. Post-Test Survey 
As you may recall we began last time by choosing your unique identification code.  The code will only be 
used to match your pre and post-workshop surveys and will not identify you specifically as all surveys 
are anonymous.  
What are the first three letters of your father’s first name? ___________ 
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In what year were you born? ___________ 
What is the last number in your street address? ___________ 
UNIQUE CODE __ __ __ __ __ __ __ __ 
We would like to start by asking you some questions about routine maintenance practices for 
your town’s school athletic fields. 
Management Assessment for K-8th grade fields 
1. In what town are you responsible for participating in the maintenance of SCHOOL athletic 
fields? _______________________________________________ 
If you do not participate in maintaining school athletic fields please do not proceed with 
this survey.   
2. Which of the following statement is most correct? 
 Irrigation is not important for maintaining high quality fields and should not be 
used. 
 Irrigation should be used when the soil is completely dry to the touch.   
 Irrigation should be used when plants are just beginning to show signs of moisture 
stress. 
 An automated program should be run consistently regardless of weather 
conditions. 
 I do not know 
 
3. On average, during the actively growing season, how many times per week do you 
anticipate next year the K-8 school athletic fields in your town will be mowed? 
 Never     Twice per week 
 Less than once per week   More than twice per week 
 Once per week    I do not know  
 
4. On average, during the actively growing season for most k-8 sports what is the most 
desirable height of cut for athletic fields? 
 Less than 1 inch    Greater than 3.5 inches 
 1-2 inches     I do not know 
 2-3 inches     
 
5. Which of the following statements is most correct about when K-8 athletic fields should be 
aerated?  
 K-8 athletic fields should never be aerated. 
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 K-8 athletic fields should be aerated every other year to give the field a chance to 
firm up. 
 K-8 athletic fields should be aerated every year in the spring to increase infiltration 
rates and prepare a seedbed for re-establishment. 
 K-8 athletic fields should be aerated every year in the fall to encourage gas 
exchange and potentially kill white grubs. 
 K-8 athletic fields should be aerated every year in either the spring or fall 
depending level of traffic on the fields. 
 Other _______________________________________________________________ 
 I do not know 
6. Which of the following are reasons why athletic fields require more fertilization than 
general turf areas? (Check all that apply.) 
 Athletic fields do not need more fertilization than other turf areas. 
 Athletic fields have a higher standard of visibility and need fertilization for the 
green color. 
 Turfgrass plants are under more stress and need to be able to regrow a dense 
playing surface.  
 I do not know 
 
7. What type of fertilizer source do you anticipate will be applied to your town’s k-8 school 
athletic fields during next year’s growing season? 
 Quick release (ammonium sulfate, potassium nitrate, urea, etc.) 
 Slow release (organic, synthetic reacted organics, polymer coated sulfur coated 
urea, etc.) 
 Controlled Release (combination of quick and slow release) 
 I do not know 
 
8. How do you determine the frequency, timing and amount of nitrogen to apply to your K-8 
school athletic fields each growing season? (Check all that apply.) 
 Follow directive from my supervisor or boss 
 Follow a standard procedure that was established previously that I know works 
 Follow guidelines on the fertilizer bags 
 Apply only when the turf looks “hungry” or N deficient (pale green/low density) 
 Take soil samples and follow guidelines based on soil test results 
 Follow advice of private consultant 
 Follow advice of university extension personnel 
 Other ______________________________________________________ 
 I do not know 
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9. How often do you anticipate your town’s k-8 school athletic fields will be fertilized during 
next year’s growing season? 
  Never     3 times per year 
 Once a year     More than 4 times per year 
 Twice a year    I do not know 
 
10. How much nitrogen per year do you anticipate applying to your town’s k-8 school athletic 
fields during next year’s growing season? (check the closest approximation) 
 We will not fertilize our athletic fields 
 1 lb  or less of nitrogen per 1000 ft2 per year 
 2 lbs of nitrogen per 1000 ft2 per year 
 3 lbs of nitrogen per 1000 ft2 per year 
 4 lbs of nitrogen per 1000 ft2 per year 
 More than 4 lbs of nitrogen per 1000 ft2 per year  
 I do not know 
 
11. How do you determine the frequency, timing and amount of phosphorus to apply to your 
K-8 school athletic fields each growing season? (Check all that apply.) 
 Follow directive from my supervisor or boss 
 Follow a standard procedure that was established previously that I know works 
 Follow guidelines on the fertilizer bags 
 Apply only when the turf looks “hungry” or N deficient (pale green/low density) 
 Take soil samples and follow guidelines based on soil test results 
 Follow advice of private consultant 
 Follow advice of university extension personnel 
 Other ______________________________________________________ 
 I do not know 
 
12. How often is do you anticipate your town will compost topdress your k-8 school athletic 
fields during the next year’s growing season? 
 Never         Every 1-2 years  
 Less than once every 5 years      Once a year 
 Every 3-5years        More than once a year 
 Variable based on soil test phosphorus results    I do not know 
 
13. Which of the following statements is how often one should use compost topdressing on an 
athletic field? 
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 Never         Every 1-2 years  
 Less than once every 5 years      Once a year 
 Every 3-5years        More than once a year 
 Only if a soil test determines your soil phosphorus levels to be below 
environmentally critical levels and soil organic matter is low 
 I do not know 
 
14. What is a possible environmental hazard associated with compost topdressing? (check all 
that apply) 
 Phosphorus runoff and leaching   
 Drastically reducing soil pH 
 Nitrogen runoff and leaching    
 There are no risks associated with compost topdressing 
 I do not know 
 
15. How often do you anticipate your town overseeding your town’s k-8 school athletic fields 
during the next year’s growing season? 
 None at all      3 times a year 
 Once a year      More than 3 times a year 
 Twice a year     I do not know     
 
16. What species do you anticipate your town using to overseed k-8 school athletic fields 
during next year’s growing season (check all that apply)? 
 Ryegrass      Bluegrass 
 Tall Fescue     Other _________________________ 
 I do not know 
 
17. When overseeding your town’s K-8 school athletic fields during next year’s growing season 
do you anticipate applying _________? 
 A single species and cultivar of seed 
 A blend of seed (two or more cultivars of the same species) 
 A mixture of seed (two or more species of grass, such as bluegrass and ryegrass) 
 We will not overseed 
 I do not know 
 
18. Which of the following statements is most correct about when to overseed athletic fields?  
 The spring to maintain a thick stand of grass before wear occurs. 
 The summer when school is not in session. 
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 The fall to repair and maintain the current stand of grass. 
 The winter when there is snow on the ground to prepare for the next growing 
season. 
 Any time during the growing season where field play is anticipated. 
 I do not know  
 
19. Where do you look for information to determine which seed to apply for overseeding? 
(check all that apply) 
 Seed selection is not important.  
 We select the least expensive seed available. 
 We select whatever seed the supplier has in stock. 
 We look to the NTEP (National Turfgrass Evaluation Program) website for seed 
section. 
 We look to university extension professionals for seed selection advice. 
 We look to trade magazines and other industry publications for seed selection 
advice. 
 We look to other industry professionals for advice. (seed supplier, landscape 
contractor, etc.) 
 Other _______________________________________________________________ 
 I do not know 
 
